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I. INTRODTICTION 
A« Soope of problem 
The signifloanoe of vitamin A in nutrition requires no 
elaboration nor is it neoessary to enlarge upon the role of 
fat in the diet* The stability of this fat-soluble vitamin 
in different souroes and its susceptibility to destruction, 
both in the diet and in the animal, are of marked interest. 
Such destruction is of paramount concern in evaluating diets 
and in formulating healthy regimens. Assays of foodstuffs 
for vitamin A are the resultant of: 
1. The actual amount of vitamin present. 
£• The extent of anti- and pro- oxygenic activity 
exerted by the vitamin-A-bearing oil and by other 
dietary constituents such as oxidized fats and/or 
desiccated solids. 
3. The effect of storage conditions (e.g., light, 
oxygen, temperature, moisture, etc.) upon the 
vitamin and its precursors, upon the other dietary 
constituents prior to mixing, and upon the mixed 
ration. 
4. The foim in which the vitamin activity occurs, such 
as vitamin A, alpha carotene, beta carotene, etc. 
- e -
The relative importanoe of these factors and the extent to 
whloh they can be evaluated are of particular significance 
in vitaoin assays* Non-cozoparable results are to be expected 
as long as procedures are employed which do not adequately 
evaluate the factors listed above. Increased knowledge of 
the qualitative and quantitative nature of these factors will 
lead to a more rigid control of biological e:xperlment8. 
Fats which are definitely rancid are naturally excluded 
from the diet by virtue of their unpalatability and undesir­
able odor; however, fubs stay becoiae rancid within the ration 
and the rancidity may be overlooked, especially when such 
rations are fed to animals other than man. Rancid fats 
possibly enter into human diets also; Howe (66) found that 
rancid lard could not be detected in cakes nor could such 
cakes be distinguished organoleptically from others pre­
pared with butter or fresh lard* Some fats may be sweet 
organoleptically and yet be sufficiently oxidized so that 
they are readily susceptible to further oxidation (73)* 
Such fats oxidize rapidly when Incorporated in the ration 
and seriously affect the vitamin A content of the diet* 
The characteristics of an animal's body fat (e.g., 
iodine number, fatty acids, etc*) are determined by the eunount 
and degree of unsaturation of the dietary fat and by the rate 
at which the body fat is deposited* These characteristics 
are important since, to a great extent, they determine the 
susceptibility of the fat to oxidation* Thus the diet of 
an animal affects the stability of its body fat as v»ell as 
the stability of other fats which the animal produces, such 
as butterfat* The stability of such fats in turn affects 
vitamin A activity* 
The recent development of methods to derancidify fats 
is significant* A number of patents have been issued for 
such processes and extensive claims have been made relative 
to their efficacy* 
B* Purpose 
This investigation -was undertaken trith the following 
aims: 
1* To determine the effect of various treatments (e.g., 
heat, aeration, storage, etc.) upon the ability of 
fats to decrease the vitamin A activity of certain 
foods* 
2* To study the rol® of anti-oxygens in the prevention 
of vitamin A inaotivation* 
S* To investigate the action of finely divided solids 
upon vitamin A activity* 
4* To examine the chemical and physiological properties 
of treated fats, exclusive of their action on vitamin 
10-
A; and, if suoh treatment rendered them toxio, to 
identify the toxio prinoiple and study its rela­
tionship to vitamin A inaotivation* 
-11-
H. KEVIKW OF THE LITERATORE 
Triderioia (1) found that hjrdrogenated whale oil Inao-
tl-vated vitamin A* On the other hand Thorns (14) reported 
that hydrogenated whale oil was an efficient substitute for 
batter in the human diet* Baglioni (2) olaimed that hydro­
genated whale oil was superior to the non-hydrogenated oil 
with respect to growth, general nutrition, and survival of 
rats. Lease (57) discovered that hydrogenation of a fat, to 
the extent that it prevented rancidity, tended to stabilize 
and protect the vitamin A activity of the fat. Data published 
by a number of investigators (1,3,4,5,6,7,8,9,50,54) have 
shown that oxidized fats destroyed vitamin A activity. Oxi­
dized fats possessed this property regardless of the manner 
in which the oxidation was achieved, whether brought about 
by subjecting the fat to aeration, storage, heat, ozonization, 
irradiation, or any combination of these processes as long 
as oxygen was present (48). Light and various metals acted 
as catalysts. Oxidized fats were found effective in destroying 
vitamin A activity in the following sources: butterfat, cod 
liver oil, haliver oil, egg yolk, and alfalfa. Apparently 
oxidized fata also destroyed carotene and other precursors of 
vitamin At however, Baumann (15) contended that the stability 
- 12 -
Of carotene in oil solution was not diminished by rancidity* 
Smith (56) found that vitamin A in concentrates of mam­
malian origin was more rapidly destroyed than the vitamin 
A found in fish-liver oils* In this latter source the vita­
min occurs as an ester* Smith stabilized vitamin A by 
esterification and postulated that the free alcohol group 
must either participate directly in the destruction or 
activate the conjugated double bond system rendering it more 
susceptible to attack by peroxide oxygen* He also discovered 
that vitamin A| upon oxidation, gave rise to an inactive 
substance with unselective absorption at 326 mu, so that 
when oxidation had taken place, values indicated by the total 
absorption at 328 mu were in excess of the true vitamin A 
content* 
Price (2S) and Stebnitz (87) claimed that the suscept­
ibility of a fat to oxidation increased with the degree of 
unsaturation* Aspegren (43) and Fool (84) found that the 
iodine number of a fat decreased as atmospheric oxidation 
proepressed* Holm (26) stated that the potency of fats and 
oils to remedy vitamin deficiency was closely related to 
their unsaturation; Masuda (60) found that vitamin A In 
unsaturated oil oxidized more rapidly than that found in 
saturated oil and that the rate of oxidation increased with 
the degree of unsaturation. Stebnitz (59) discovered that 
13 -
the peroentage of linolelo acid in butterfat, rather than 
the peroentage of olelo aoid, determined the rate at whioh 
this fat was oxidizedi however, fats v/hioh oxidized rapidly 
not only oontained muoh linoleio acid but also large quan­
tities of oleio aoid* 
Friderioia (1) postulated that the peroxides in heated 
fats were responsible for their power to destroy vitamin A 
activity* Rosohen (21), on the contrary^  contended that 
peroxides were not catalysts of oxidation; neither did the 
substances responsible for the rancid odor and taste affect 
the oxidation* Whipple (15) noted that vitamin A was des­
troyed in cod liver oil at lower peroxide values if rancidity 
was developed at room temperature instead of by accelerated 
aeration at 100*0. Other biolofcical properties were also 
unequally affected by rancidity that had been produced in 
different ways. The peroxide value did not parallel other 
changes in the fats during rancidification* 7at peroxides 
(52) were found to vary considerably in stability according 
to their structure. Linoleio acid, its esters and its 
triglyceride, have been auto-oxidized at ordinary tempera­
tures to saturation of 50 per cent of more of their double 
bonds with very little secondary decomposition of the peroxide* 
On the other hand, the peroxide of oleio acid appeared to be 
much less stable and commenced to break up immediately upon 
- 14 -
formation; high temperatures and exposure to light favor 
the deoomposition of peroxides. The quantity- of peroxides, 
formed by bubbling oxygen through fats at room temperature 
and in the absence of light, increased steadily until 9S0 
millimols per kilogram were recorded without any decrease 
in the rate of accumulation (84)| while at 100the peroxide 
content passed throu^  a maximum value of 300 millimols per 
kilogram and then gradually decreased, in spite of continued 
absorption of oxygen and fell in iodine number (85}. Kerr 
(22) found that peroxides may be formed in a fat prior to 
the development of rancidity. Coe (45) classified the per-> 
oxides in fats as active hydrogen peroxide, inactive hydro­
gen peroxide, and organic peroxide* The last two types of 
peroxides do not affect the development of remcidity; therefore 
the peroxide value cannot be used to measure rancidification. 
Upon oxidation the peroxides in a fat normally reach a maxi­
mum concentration and then decrease* Price (25) explained 
this phenomenon by assuming that the peroxide molecule 
formed volatile cleavage products. Andrews (58) destroyed 
all the peroxides in a fat by prolonged heating but found 
that the fat remained intensely rancid. Smith (56) concluded 
that destruction of vitamin A activity by oxidized fats was 
approximately proportional to the peroxide value and indepen­
dent of the nature of the oil. On the other hand, Harrelson 
- 15 -
(7) and Lease (8) foiind that the destructive action exerted 
by oxidized fats upon vitaain A activity was not strictly 
proportioned to their peroxide content. Ritter (61) noted 
that the peroxide value of a fat was markedly reduced by 
heating at 195®C, and at 250«C. but that such heating des­
troyed anti-oxygenic properties, and hence resulted in a marked 
increase in the peroxide value during subsequent storage. | 
I 
Moureu (28) stated that auto-oxidation was very often j 
accoapaniod by secondary reactions such as molecular conden- ' 
sation, nkmifested by resinifiOation, coloratioh, precipi- j 
tation, or rancidifioation. When anti-oxygens prevented 
the fixation of oxygen these secondary reactions wore also J 
inhibited# Thus t^ e imediato agency producing these 
secondary phenomena was not free oxygen itself, but the 
oo?abinG(i oxygon from the peroxide first foi'med from tho 
auto-oxidizable substance. 
Both Fridericia (1) und Pov;iok (4) clairaod that oxidized 
fats exerted a detrimental effect on rats by destroying the 
vitamin A activity of their diets, but that such fats were 
not toxic per se. These investigators and Lease (0) found 
thut vitamin A activity was not destroyed by oxidized fats 
I 
when the source of the vitamin was fed apart from the re- i 
mainder of tho ration. Lease reported that peroxides of 
ranoid fat v/ere stable for four hours in tho stomach und 
I 4 
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that destruotion of the vltaiiiln would ooour if the vitamin 
and tho fat were oocabined there* Lease (35,50) found that 
the rate of loss of vitamin A from the liver of rats was not 
affeoted greatly» if at all, by the amount or the ranoidity 
of fat in the diet. Hall (37) found that vitamin A formed 
esters with bile aoids and oiroulated in the blood and lymph 
as an ester; in this fom it was stored in the liver, ivhipple 
(10) produced a syndrome in dogs by feeding them oxidized 
ood livor oil. This '^ oxidized fat' syndrome** oonsisted of 
loss of hair, skin lesions, anorexia, emaoiation, and intes->> 
tinal hemorrhages. Whipple (54) postulated that the etiology 
of this syndrome was a defioienoy of the fatty aoids essential 
for life; this defioienoy is presumably caused by saturation 
of the aoids during oxidation. Bell (11) and Agduhr (12) 
observed that ood liver oil proved toxio to rata. The latter 
investigator attributed the toxicity to high-molecular-weight 
alcohols, such as batyl and ootadecyl. 
Anti-oxygenic action consists essentially in delaying 
oxidation through the introduction of an initial lag or 
induction period. During this period oxidation is very slow. 
At the conclusion of the induction period the rate of oxi­
dation is usually identical with that which would be found 
in the. absence of the inhibitor* Refining destroys anti-
oxygens and eliminates the induction period. The first 
experimental indioation of oiie presence of inhibitors or 
anti-oxygens in certain oils appears to have been the 
observation that the oxidative destruction of the fat-
soluble vitamins A and E in e3q>erimsntal diets was greatly 
retarded when animal fats, such as lard or cod liver oil, 
were replaced or supplemented by vegetable oils of equal 
or greater unsaturation (46,9}• Vitamins A end E and the 
provitamin carotene are unsaturated and owe their survival, 
in an environment otherviise favorable to oxidation, to the 
protection afforded by anti-oxygens* The effect produced 
by anti-oxygens seems to reside in their ability to destroy 
active peroxides (77)• The presence of compounds containing 
OH groups was found to delay the destruction of vitamins 
A and E (26)* These compounds may retard the oxidation by 
which the vitGuains are destroyed or they may be oxidized at 
a lower intensity than the vitamins and thus protect them. 
Caldwell (65) believed that water delayed oxidation in fats 
by prolonging the induction period, but other Investigators 
(77) claimed that it acted after the end of this period. 
Inhlbitols are active anti-oxygens which occur in the 
unsaponiflable lipid fraction of many vegetable oils (80). 
They are destroyed by reagents which attack hydroxyl groups. 
However the inactive esters may be hydrolyzed to regenerate 
their activity. They appear to contain at least one double 
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bond; halogens reaot with them to destroy their aotlvlty 
which is regained upon reduction with zinc dust and acid. 
Inhibitols are resistant to hydrogenation which diminishes 
hut fails to destroy their unsaturation. They are effec­
tive anti-ozygens for animal fats and for purified (dis­
tilled) fatty acids and esters but consistently fail to 
shov/ any anti-oxygenlc activity vrhen added, even In rela­
tively large amounts to vegetable oils; Dean (83) thinks 
this is highly improbable. 
It is apparent from the work of a ntunber of investiga­
tors (29,30,31,32,38,40,41,44,60,65,75,76,77,78,79,80,81,82) 
that the presanoe of a hydroxyl group directly attached to an 
arcn&atic nucleus is the minimum reqtiirement for anti-ozygenic 
activity in phenolic inhibitors. Monohydroxy benzene (phenol) 
is practically inert, but the substitution of suitable groups 
in the nucleus increases its activity. Thus the ortho and 
para cresols and nitrophenols, thymol (2-lsopropyl-S methyl 
phenol), and eugenol (2-methoxy-5 allyl phenol) are all 
active. The introduction of a second hydroxyl group in the 
ortho (catechol) or para (hydroquinone) position enormously 
increases activity, while the substitution of a third hydroxyl 
group to form l,2,3-trihydroxyben2ene(pyrogallol) or 1,2,4-
trihydroxybenzene(hydroxyhydroqLuinone) still further enhances 
the effect. Aotlvlty now appears to have reached a maximum. 
- 19 -
1,2,3,4-tetrahydroxybenzene being only half as powerful as 
the 1,2 and 1,4 dlphenols while hexahydroxybenzene is ooa-
pletely inactive. The aeta ocaapounds, l,3~dihydroxybenzene 
and l,3,S-trihydroxybenzene(phlor(^ luoinol), are only feeble 
inhibitors* Esterifioation or alkylation of one or more of 
the hydroxyl groups of an anti-oxygen destroys or greatly 
reduces its activity. In the amines it is found that, quite 
similar to the phenols, aniline is ineffective vrtiilst sub­
stituted amines are definitely effective. 
Hamilton (79) stoted that inhibitols and phenolic 
Inhibitors exerted their effect solely by preventing the 
formation of the initial moloxide end were entirely des­
troyed before the beginning of the rapid oxidation which 
characterized the end of the induction period. On the 
other hand, pro-oxygens such as perbenzoic acid decreased 
the induction period by destroying natural inhibitors. 
Uoureu (71) explained the action of anti-ozygens as 
a mutual destruction of peroxides: 
A - auto-oxidizable substance 
B - anti-oxygen 
The peroxides in equation (3) are mutually antagonistic and 
destroy each other with the regeneration of the original 
(1) A • ©2 A(02) 
(2)  hiO^) *  B —¥ A{0)  B(0)  
(3)  • A(0)  + B{0)  V A + B •  Og 
. 20 . 
oomponents* This investigator stated in addition that a 
direct oxidation of the anti-oxygen is also possible; in 
this case the reaction nay be represented as follows: 
(1) A + Og ' » ACOg) 
(2) B +. Og • BXOg) 
(3) AiOg) • BtOg) y A • B • gOg 
Christiansen (66) pictured rancidification as a chain 
mechanism: 
A' • energy •' » A* 
A*+ Og —AOjf 
AOg • A —^  AOg + A* 
"s —» 
a^ctive compound 
He offered the following explanation for the action of anti-
oxygens: 
AO* + B • AOg * B* 
B* • Og • BOg 
When on activated peroxide molecule comes into contact with 
a molecule of the inhibitor, the latter takes up the energy 
and as a result is usually, but not invariably, oxidized 
itself in subsequent collisions with oxygen. It fails, how­
ever, in its turn to activate any further molecules of the 
auto-oxidizing substEinoe and thus the chain is broken. 
- 21 -
Oloott (81) tentatively olassified inhibitors of 
oxidation into three groups: (1) the acid type, (2) in-
hibitols and hydroquinone, and (3) the phenolic type 
including alpha-naphthol, pyrogallol, catechol, and others. 
Vegetable oils end crude esters of vegetable oil were pro­
tected by types 1 and 3 but not by type 2; distilled esters 
of vegetable oils, lard, and esters of lard, and distilled 
fatty aoids and esters were protected by types 2 and 3 but 
not by type 1. 
Coe (39) found that green wrappers, which absorb the 
wave lengths of light promoting rancidity (i.e., those in 
the ultra-violet, blue, and red regions), more effectively 
prevented rancidity than did anti-oxygens. Hefrlgeratlon 
excelled both green wrappers and anti-oxygens in this pre­
ventive action. 
Anderegg (18,46) end Marcus (19) reported that highly 
desiccated powders exerted a destructive action on cod liver 
oil when mixed with this fat but water prevented the des­
truction. Marcus postulated that the protection afforded 
by the v/ater was brought about by alteration of the powder 
surface, thus dlialnishlng its catalytic activity in the 
decomposition process. 
Parsons (13) reported that 20 to 25 per cent of the 
vitamin A in cookies was destroyed during baking. Stoldt 
- 22 -
(53) found that baklnc; did not change butterfetj the saponi­
fication, Reiohert~Heis8l, Folenske, and iodine values as 
well as the refraotometer nunber remained unaltered. Harrel-
son (7), using cookies containing different fats» found that 
the heating Incurred during baking was insufficient to 
inactivate the vitamin A of egg oil. He reported contra­
dictory results fron similar experiments in which butter 
supplied the vitamin. 
Lea (51,52) remarked that the characteristics of a 
pig's body fat were determined by the amount and degree 
of unsaturation of the dietary fat and by the rate at which 
the fat was deposited. Body fat became progrescively hard 
with age since the fat of the diet entered to a decreasing 
extent into the craaposition of the body fat. Coconut oil 
fed in.large quantity reduccd the iodine number of the back 
fat to 30, while fats of iodine number greater than 100 
were obtained by feeding linseed and similar oils. In these 
latter cases the loost marked change in the composition was 
the progressive Increase in llnolelc acid as the fat became 
softer. Lea observed that rats behaved similarly to hogs 
Inasmuch as the amount and degree of unsaturation of the 
dietary fat affectcd the body fat (Table A). 
lea also found that the inclusion of cod liver oil In 
the diet, in quantities -too small to appreciably affect the 
- 83 
iodine value of the body fat« markedly increased the sus-
oeptibility of the lard to oxidation. This result was 
presumably caused by a deposition vvlthin the hog of highly 
unsaturated and unstable fish-oil acids. The quantity of 
these aoids deposited was too small to alter the unsatura-
tion of the lard more than the normal variation in iodine 
value from animal to animali however, this small amount was 
sufficient by virtue of the rapid oxidation of the aoids to 
destroy the natural inhibitors and greatly reduce the induc­
tion period of the fat. Lea claimed that nutritional factors 
may also affect the anti-oxygen content of the fatty tissues, 
since the unsaponifiable constituents associated with the 
fat of the food are known to enter the body or milk fat. 
Thus there is a possibility that considerable variations in 
susceptibility to oxidation are not caused by fatty acid 
composition, but by variation in anti-oxygen concentration. 
This investigator observed further that butter from 
stall-fed cows which had received cod liver oil showed a 
considerable loss of vitamin A after cold storage for SO 
monthsJ while butter from pasture-fed animals showed little 
loss in three years. The highly unsaturated fish-oil acids 
had apparently bee one incorporated in the butterfat. He 
also found that cold storkge effectively preserved most fats 
but failed to preserve fish oils. These latter fate oxidized 
- 24 -
rapidly at -10®C. 
?iero (16) renovatod ranoid oooonut oil by agitation 
with olay, hut failed to renovate ranoid lard by a similar 
treatment. Rosohen (21) found that ranoid lard may be res­
tored to palatability by blowing steam through it at 100®G. 
thus removing the volatile products of oxidation which are 
responsible for the objectionable odor and taste, Stephen 
(17) derancidified fata by treating them with semicarbazide 
hydrocliloride and filtering them. The filtrates reaoted 
negatively to the Krais test. 
Bann (42) fotmd that vitamin A oxidized more rapidly 
ill coconut oil than in cod liver oil. Basu (20) claimed 
that absorption of vitamin A or carotene from the intestine 
dei)ended upon the presence of a suitable oil. Absorption 
vras greatest with linseed oil and least with peanut oil. 
In the latter oil about 90 per cent of the vitamin A 
escaped absorption. Lease (57,64) noted on the contrary 
that there was no difference in the utilization of vitamin 
A by rats when it was supplied in different edible fats. 
Price (25) stated that rancidity in a fat was not 
directly proportional to the amount of free fatty acida in 
the fat. Kerr (22) found the determination of free fatty 
acids worthless as a criterion of rancidity, since the 
quantity of free fatty acids in the fat fluctuated during 
rancidification. Bamicoat (67) added free fatty acids 
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to fata in amounts up to 15 per oent of the fat vrithout 
injuring the flavor of the fat. Holmes (68) observed that 
the acid values of fats Increased with storage hut found 
a few irregularities in the curves. The largest percentage 
increase of acid value was shown by the oil with the smallest 
initial value. 
Oreenbank (49) noted that water in traces delayed the 
development of rancidity in fats. Re claimed that this delay 
was more apparent than real, since the water favored the 
further oxidation of aldehydes produced during auto-oxidation 
to less odorous acids. De (55) found that the vitamin A 
and carotene contents of most foodstuffs were not decreased 
by boiling in water while appreciable losses occurred when 
fats, oils,or milk were heated. Caldwell (65) claimed that 
water delayed oxidation in cod liver oil by removing or 
inactivating some easily oxidizable substance present in the 
oil and thus lengthened the induction period. 
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III, EXPBRIUSIITAL 
A. liethod of Frooedure 
All of the feeding experiments ware performed upon 
rats weighing from 45 to 80 g. vrhen placed on the various 
rations. Six rats, three males and three females, were 
placed in.each lot; they were weighed weekly and oared for 
daily. They were housed in wire cages with wire screens 
across the bottom to prevent refection. The casein was 
prepared by washing the oonsnercial product dally vdth a 
0.15 per cent solution of acetic acid until free of vitamin 
A. The salt mixture was essentially the one employed by 
UcCoUum and Oavls (70) and designated by them as salt 
mixture 185. In addition it contained small quantities of 
copper and manganese salts together with a small amount of 
potassium iodide. The yeast was a dried product obtained 
from Standard Brands, Inc. Dextrin was made by treating 
starch with a 0.37 per cent citric acid solution and auto-
clavlng at 15 pounds pressure for three hours. The butter-
fat employed In these studies was prepared by hoatlng butter 
on a steam plate to the melting point, following which the fat 
was promptly decanted from the salts, water, and curd. 
The toxicity experiments were conducted upon mature 
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rats weighing frcm 800 to 300 g. The material to be tested 
was injected into the peritoneal cavity of the animals. 
They were then allowed to remain for one week upon the stock 
colony ration and the number of deaths which occurred in 
this interval was taken as a measure of the toxicity. Ten 
rats were employed in each lot. The animals, both those 
which succumbed and those which survived, were dissected and 
examined for gross abnormalities. 
The term, heated, unless otherwise specified, signi­
fies that a one-eighth inch layer of the substance was 
maintained at 102^ to 105^ 0* for 84 hours. The rations 
were mixed in kilogram lots, stored in the laboratory, 
and fed from tin feed cups. Tap water was supplied ad 
libitum. 
The normal basal mixture consisted of 450 g. of dextrin, 
800 g. of casein, 100 g. of yeast, and 50 g. of salts. 
Kreis testt 
Dilute one cc* of the oil or melted fat to 80 cc. with 
liquid petrolatum^  Place five cc. of this solution and five 
CO. of concentrated hydrochloric acid in a test tube. In­
sert a clean, sound rubber stopper and shake vigorously for 
30 seconds^  Add five C04 of a Oil per cent ether solution 
of phloroglucinol, insert the stopper and shake again for 
30 seconds; Then allow the mixture to stand for 10 minutes. 
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If a pink or red oolor appears In the loner aold layer, a 
positive reaction is obtained but no attention should be 
paid to a pale orange, yellow, or faintly pink color* 
Fats which give a positive test are definitely rancid* 
Substanoe 
olive oil 
lard 
lard 
Itird 
l&rd 
oorn oil 
coconut oil 
coconut oil 
coconut oil 
coconut oil 
cottonseed oil 
(hydrogenated) 
cod liver oil 
butter 
B. HATEHIAIS 
Brand name or 
designation 
Fompeian 
Laurel Leaf 
open kettle 
commercial 
soybean 
Mazola 
alpha 
beta 
gommft 
delta 
Crisco 
College 
Source 
Pompeian Olive Oil Corp. 
Baltimore, Md., U.S.A. 
Wilson and Co. 
Chicago, Illinois 
WilBcn and Co. 
Chicago, Illinois 
bought on local market 
Dr. F. (T. Beard, Animal 
Husbandry Dept., I.S.O., 
Ames, Iowa 
Corn Products Refining Co, 
Argo, Illinois 
U(ds:es8on and Bobbins 
New York City 
McKesson jand Bobbins 
New York City 
McKesson and Bobbins 
New York City 
McKesson and Bobbins 
New York City 
Proctor and Gamble Co. 
Cincinnati, Ohio 
E. B. Squibb and Sons 
New York City 
Dairy Industry Department 
I.S.C., Ames, Iowa 
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Subatanoe 
oottonseed oil 
palm oil 
soybean oil 
peanut oil 
stearic acid 
thymol 
ethyl oleate 
hallver oil 
glyoerol 
oleic acid 
palmitic 
methyl ole&te 
semicarbazide 
hydrochloride 
fuller's earth 
Brand name or 
designation 
Wesson Oil 
U.S.P. 
tl.S.P. 
technical 
plain 
U.S.P. 
O.P, 
praoticol 
O.P. 
Source 
Wesson Oil and Snowdrift 
Sales Co. 
New York City 
Wilkens-Anderson co» 
Chicago, Illinois 
Wllkens«-Anderson Co. 
Chicago, Illinois 
Wilkens-Anderson Co. 
New Tork City 
J*. T. Baker Chemical Co. 
FhiUipsburg, N.J. 
General Chemical Co. 
New York City 
Simer and Amend Chemicals 
New ^ ork City 
Abbott laboratories 
North Chicago, Illinois 
Colgate Palmolive-Peet Co. 
New York City 
General Chemical Co. 
Chicago, Illinois 
Eastman Organic Chemicals 
Rochester, New York 
Eastman Organic Chemicals 
Rochester, Nevi York 
Eastman Organic Chemicals 
Rochester, New York 
Central $cientific Co. 
New York City 
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Substanoe 
Norit A 
Brand name or 
designation 
potassium iodide C.F. 
ohloroform 
aoetio acid 
sodium thio-
sulfate 
ethyl aloohol 
phlorogluoinol 
glaoial C.P* 
C.P, 
95 per oent 
C.P. 
sodium hydroxide analyzed 
hydroohlorio aoid 
potassium hi-
olir ornate analyzed 
Souroe 
Pfanstiehl Chemioal Co, 
Waukegon, Illinois 
General Chemioal Co. 
New York City 
Kallinokrodt Chemioal Co. 
St. Louis, Mo. 
General Chemioal Co. 
New York City 
General Chemioal Co. 
New York City 
U.S. Industrial Aloohol Co. 
Chicago, Illinois 
Eastman Organio Ohemioals 
Roohester, New York 
General Chemioal Co. 
New York City 
Grasselli Chemioal Co. 
Cleveland, Ohio 
General Chemioal Co. 
New York City 
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C. Besults 
!• Effeot of heat treatnent on fats 
Variety of fat and souroe of vitamin A number 
of experiments were performed to ascertain to what extent 
the destruction of vitamin A activity by heated fats depends 
upon the variety of the fat heated, and to what extent this 
effect is influenced by the source of the vitamin activity. 
The ration fed the rats consisted of the normal basal mix­
ture plus 100 g, of the fat under investigation,and 100 g. 
of the vitamin A souroe. The results are recorded in Table 
I. 
All of the heated fats, with the exception of one heated 
coconut oil sample (Experiment N)« destroyed the vitamin A 
activity of butterfat. ITeated soybean oil inactivated hallver 
oil as well as butterfat (Experiments Y and b). The other 
fats were not tested with hallver oil. Butterfat and two 
brands of lard when heated failed to inactivate cod liver 
oil (E^ erlments H, I, end T), but heated Mazola, heated cod 
liver oil, and heated cottonseed oil successfully Inactivated 
this oil (Experiments L, 3, and W). It is well to note at 
this point that, although the rats fed the heated fats in 
Experiments H, I, and T remained alive, they grew at a much 
slower rate than the animals fed the corresponding unheated 
oils* This poor growth may have been the result of a partial 
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Table I 
Effect of Hoatad Substanoes upon Vitamin A Aotivlty* 
iment 
Substance Unheated Heated"® Vitamin A 
Source 
A olive oil (Fompeian) 178(11)^  62(6-8)6 
B lard (L.L.)^  214(11) 55(4-6)1 B.F, 
C lard (ooffiiieroial} 250(22) 70(7-10)6 B.F. 
D lard (O.K.) 278(25) 69(5-10)2 B.F. 
£ lard (soybean No, 6) 205(12) 54(5-6)5 B.F* 
7 lard (soybean No. 7) 231(12) 63(4-6)3 B.F* 
a lard (soybean No* 8} 217(13) 57(5-5)5 B.F* 
H lard (O.E.) 217(18) 155(18) C * L.0. 
I lard (L.L.) 164(12) 102(12) C.It.O. 
J Uazola 269(18) 45(2-6)0 B.F. 
K l^ zola 281(21) 64(4-13)1 B.F.^  
I. Mazola 209(13) 36(4-8)0 C.Zi.O. 
u oooonut oil (alpha) 254(17) 136(10-17)3 B.F. 
N coconut oil (beta) 266(21) 183(21) B.F. 
0 coconut oil (gaxaoa) 220(14) 102(5-11)2 B.F. 
P oooonut oil (delta) 200(12) 77(8-10)4 B.F. 
Q Crisco 199(14) 55(4-5)5 B.F, 
R cod liver oil 222(18) 48(5-9)6 B.F. 
S cod liver oil 219(19) 96(19)® C.I^ . 0. 
T butterfat 197(14) 139(14) O.Xi. 0* 
54 -
Table I (Continued) 
Bxper-
iment 
Substance Unheated Heated Vitamin 
Source 
V butterfat 201(12) 73(6-13)6 B.P. 
7 cottonseed oil 134(5) 44(3-5)0 B.F. 
W cottonseed oil 237(16) 37(5-16)3 C aIi* 0 • 
X palm oil 155(7) 59(5-7)5 B.r, 
Y soybean oil 132(5) 48(2-4)0 B.F, 
Z peanut oil (rancid) 66(6-10)5 52(5-6)1 B.P. 
a peanut oil 215(12) 43(4-6)2 B.P. 
b soybean oil 226(14) 69(6-14)4 H.O.® 
0 glycerol 206(12) 198(12) B.P. 
d oleic acid 163(14) 54(4-7)3 B.F. 
e palmitic acid 174(12) 196(12) B»F. 
f stearic acid 203(12) 211(12) B.P. 
h^e numbers possess tbe following meaning} 
An e3q>re88lon, which contains parentheses enclosing only 
a ^ single numbert indicates that all of the rats survived and 
grew* This single number gives the duration of the experi­
ment in weeks and the number preceding the parentheses repre­
sents the average weight in g* of the six rats at the termina­
tion of the experiment, e.g*, 178(11) signifies that the average 
weight of the animals at the end of the eleventh week was 176 g. 
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An es^ ression which contains parentheses enclosing two 
numbers joined by a hyphen indicates that all of the rats 
died. The number preceding the parentheses represents the 
average weight in g. of the rats at the last weighing before 
death* The numbers within the parentheses indicate the weeks 
in which the first and last deaths ocourredi while the digit 
following the parentheses refers to the number of animals 
which exhibited xerophthalmia. ?or example, 62(6-8)5 means 
that all the rats died, that their average weight at the 
last weighing prior to death was 68 g«, that the first death 
ooourred in the sixth week and the last one in the eighth 
week, and that five rats showed symptoms of xerophthalmia. 
%.F. - butterfat soybean No. 6^  
H.O. • haliver oil soybean No. 7 / - Table TTl 
C.L.O. - cod liver oil soybean No. 8/ 
li.li. ^  Iiaurel Leaf 
O.K. •> open kettle 
one-eighth layer of the material was heated at 102'to 105*C. 
for 24 hours* 
h^e bottles containing the rations in this experiment were 
kept in a refrigerator at 1*C« and only enough of the ration 
was taken out each day to feed the rats* 
T^his expression gives average weight of five rats. 
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®In this experiment^  2 g# of haliver oil, 25 g« of soybean 
oil^  and 623 g4 of dextrin were eo^ loyed instead of the 
usual amounts* 
destruction of the vitamin A activity of the ood liver oil 
or it xoay have been caused by the toxicity of the heated 
oils* Apparently the vitamin A activity of cod liver oil 
was more resistant to destruction by heated fats (Experiments 
H, I, and T) than was the vitamin A activity of butterfat 
(Experiments B, D, and U), 
Stearic acid, oleic acid» palmitic acid, end glycerol 
were tested by the method previously employed to test fats* 
The results are given in Table I, 
Of the four fat->hydrolysis products tested, oleic acid 
(Experiment d) was the only one that acquired inactivating 
properties upon being heated. The saturated fatty acids 
and glycerol (Experiments e, f, and c) did not respond to 
the heat treatment, 
b» Duration of heat treatment. E^ eriments were con­
ducted to ascertain the effect of length of heat treatment 
upon the inactivating power of fats^  The ration fed the 
rats consisted of the normal basal mixture plus 100 g, of 
butterfati and 100 g, of the fat under investigation. The 
results are recorded in Table II. 
Table II 
Effect of Duration of Heat Treatment upon the YltaJain-Ap-Inaotivatinf^  Power of Fats 
Sxper- Fat 
iment 
A lard (ooEW 
merolal) 
B Lard (O.K.) 
C Kazola 
0 Kazola 
& Orisoo 
P lard (O.K.) 
Q- Hazola 
H coconut oil 
1 lard 
J lard 
d hours 8 houre" 
350(33)^  307(33) 
Homber of Hours 
—16 hours 
LU W VdM
CL,h.) 
(L.L.) 
368(30) 
369(18 
381(31 
199(14 
317(18 
309(13 
330(14 
164(13) 
304(13) 
34 boura 
130(16-17)5 70(7-10)6 
of HeatingS 
4o hours 7^ hours 
113(9-15)5 
197(18) 
319(31) 
311(14 
176(18 
193(13 
83(5-10 
43(3-10 
75(3-14)1 
66(6-9)3 
163(18) 
69(5-10)3 
45(3-6)0 
64(4-13)1 
55(4-5)5 
155(18) 
38(6-13)0 36(4-8)0 
103(5-11)3 83(6-13)5 100(4-14)1 
103(13) 101(13) 100(13) 
45(5-7)6 51(5-7)3 55(4-6)3 
Yitynin 
A iiiour b e 
B.F? 
B.P. 
B.P,-* 
B.P. 
C.L.O. 
O.L.O. 
B.P. 
O.L.O, 
B.P, 
P^or the aeaning of the nusbers see footnote to Table 1, page 33. 
O^.K. - open kettle B.P. - butterfat 
L.L. - Laurel Leaf C.L.O. - cod liver oil 
A^ one-eighth in<^  layer of the fat vas heated at 103* - 105*0. 
T^he bottles containing the rations in this experiment were kept in a reA*igerator at 
1*0. and only enou^  of the ration vas taken out each day to feed the rate. 
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The power of heated fats to destroy vitamin A activity 
increased with the duration of the heat treataent. The rate 
at which inactivating ability developed within the fats varied 
with the fat employed. The power to destroy vitamin A ac­
tivity developed more rapidly in open kettle lard (Experiment 
B) than it did in Mazola* Crlsco, or.commercial lard (3xperl-
ments A> C, D, and E)* The same heat treatment produced In 
Uazola a far greater power to destroy vitamin A activity than 
It did in lard (Experiments F and 0)« However, during the 
earlier portion of the heating the latter fat responded to 
the heat treatment (Experiment B) more than did the fmncaer 
(Experiment C). In Experiments F and I the animals all sur­
vived; the slow growth of the rats fed the heated fats as 
compared vilth thut of the animals fed the corresponding 
unheated fats clearly Indicated that the heated fats were 
detrimental to the well-being of the animals. In Experiment 
I the rate of growth decreased as the heating period Increased 
reaching a certain value which further heating failed to alter. 
Quantity of heated fat. Experiments were carried 
out to determine the relation between the quantity of heated 
fat Incorporated in the diet and the destruction of vitamin 
A activity. The ration fed the rats consisted of the normal 
basal mixture plus 100 g. of butterfat, and 100 g. of lard and 
dextrin In the proportions Indicated in Table III. 
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Table HI 
Bffeot of Quantity of Heated Fat upon Vitamin ^  Inaotlvatlon, 
Sxper- Quantity Results 
iinent grams 
1 100 lard^  277(23)^  
2 25 heated ® lard + 75 dextrin 243(23) 
3 50 heated lard •*- 50 dextrin 206(23) 
4 75 heated lard • 25 dextrin 139(13-18)3 
5 100 heated lard 69(5-10)2 
F^or the meaning of the numbers see footnote to Table X, page 
33. 
2 
open kettle lard. 
®A one-eighth inch layer of the lard was heated at 102®-105"C. 
for 24 hours. 
Seven and one-half per cent of heated lard inaotlvated 
a diet oontainlng 10 per oent of butterfat (Bxperiment 4), 
but five per oent of heated lard failed to do so (Experiment 
3). 
Autoolaving. Experiments were performed to asoer-
tain the effeot of autooleving upon fats and the response of 
autoolaved fats to heat as oompared with the response of 
, unautoolaved fats. A 110 g« quantity of melted fat (open 
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kettle lard) was poured into eaoh of a number of COg flasks 
(125 00* oapaoity) which were then stoppered with cotton 
and autoolaved at 15 pounds pressure for 15 minutes. The 
ration fed the rats consisted of the normal basal mixture 
plus 100 g* of butterfat and 100 s* of the lard under inves­
tigation. The results are given in Table IV. 
Lard autoolaved at 15 pounds pressure for 15 minutes 
did not diminish the vitamin A activity of butterfat when 
mixed with this latter fat in the ration (Experiment 1)• 
Such treatment also failed to alter the lard with respect 
to its response to heat, i.e., the autoolaved lard responded 
to heat (Ejqperiment 5) more than lard which had not been 
autoolaved prior to heating (Experiment 7). The lard heated 
in a deep layor (in GO2 flasks) did not inactivate butterfat 
(E3Q)eriaent 4). The lard was heated at the same temperature 
in both Experiments 4 and 7, but the surface exposed to oxy­
gen in Experiment 7 was far greater than that exposed in 
Esqieriment 4 and, since the heat treatment produced inacti­
vating properties in the former experiment but .failed to do 
so in the latter, it is evident that the ability to destroy 
vitamin A activity was not produced by heat alone but by the 
COTibined action of heat and oxygen. 
Area of exposed surface. A study was made of the 
effect of area of durfaoe exposed during heating on the 
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Table 17 
Bffeot of Autoolavlflg on the Response of lard to Heat. 
Baqper-
iment 
1 
2 
4 
5 
6 
7 
Treatment of lard^  
autoolayed^  
autoolaved and then heated? for 12 hours 
in the same flask 
autoolaved and then heated for 24 hours 
in the same flask 
heated in GOg flasks for 24 hours 
autoolaved and then heated in a one-eighth 
inch layer tor 24 hours 
no treatzoent 
heated for 24 hours in a one-eighth inoh 
layer 
Results 
215(12)^  
186(12) 
205(12) 
191(12) 
52(5-8)6 
220(12) 
69(5-10)2 
F^or the meaning of the numbers see footnote to Table I, page 
33. 
2 
open kettle lard. 
®The heating was conducted at 102®-105*C. 
110 g. quantity of lard in a OOg flask of 125 oo« capacity 
was subjected to 15 lbs. pressure for 15 minutes. 
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response of fats to heat treatnent. In this atady the 
surface area per unit of weight was altered by ohanging 
the thiolcness of the fat layer. The ration, fed the rats 
consisted of the normal basal mixture plus 100 g» of butter-
fat* and 100 g. of the fat under examination. The results 
are recorded in Table 7* 
Table V 
Effect of Surface Area on the Response of Fats to Heat. 
Fat Unheated _ Heated^  
3/8 Inch^  8/8 inch 1/6 inch 
Olive oil (Fompeian) 178(11)^  161(11) 66(3-8)2 62(6-8)6 
Xard (Laurel Leaf) 214(11) 72(4-7)2 88(4-6)2 55(4-6)1 
F^or the meaning of these numbers see footnote to Table I, 
page 33. 
thickness of fat layer daring the heating. 
F^at was heated at 102*-105*C. for 24 hours. 
The power of heated lard emd heated olive oil to destroy vita­
min A activity decreased as the depth of the fat layer during 
the heat treatment increased. Both the lard and the olive oil, 
heated in layers of one-eighth and two-eighths of an inch, in­
activated butterfat. Though lard, heated in a three-eighth 
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Inoh layer, inaotivated butterfat, olive oil that had been 
heated in a layer of the same depth failed to do so. 
f* Separate feeding* Experiment^ ;, similar to those 
oonduoted by Powiok (4), were performet! to ascertain the 
effect of heated fats on vitamin A activity in the animal 
body. In these experiments the vitamin-A-bearing oil was 
supplied apart from the rest of the diet. The basal ration 
fed the rats consisted of the normal basal mixture and 100 g. 
of the fat under investigation. In addition the rats were 
fed vitamin A daily as described in Table VI. The diet fed 
the rats in Experiment 2 differed from the others; it con­
tained 350 g. of dextrin instead of the usual 450 g. The 
ration fed the control (unheated) group of rats in Ssgieriment 
3 did not contain any lard. The results are recorded in 
Table VI. 
Heated laurel Leaf lard destroyed very little of the 
vitamin A activity of butterfat (Experiments 1 and S) and 
heated open kettle lord caused very little inactivation of 
cod liver oil (Experiment 3) when the vitamin-A-bearing oUs 
were fed apart from the remainder of the ration, but heated 
cottonseed oil markedly reduced the growth of rats even when 
cod liver oil was supplied apart from the rest of the diet. 
The results showed that the vitamin A inactivation by heated 
lard, observed in E^ eriments B and H, Table I, was greatly 
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Table 71 
Sffeot of Heated Fats on Vitamin ^  Aotivity In the Rat. 
Exper­
iment 
Concentration and 
Kind of Vitamin A 
Fat tXnheated Heated® 
Source 
Source 
1 10 B.F? lard (L.L.)® 226(16)^  207(16) 
8 20 B.F. lard (L.L.) 271(16) 173(16) 
3 10 O.L.O. lard (O.K.) 217(12) 167(12) 
4 10 O.Ii.O. cottonseed oil 189(12) 71(12)^  
F^or the meaning of the numbers see footnote to Table Z, 
page 33. 
** It&UTOl ItOaf 
O.K. - open kettle 
B.F. * batterfat 
O.L.O. • ood liver oil 
one-eighth inoh layer of the fat iras heated at 102«->105«0. 
for 24 hours. 
h^is expression gives the average vieight of three rats; the 
remaining three were dead. 
With the exoeptlon of Experiment 3 the vitamin-A-oontaining 
oil tras supplied in small poroelain dishes. In Experiment 3 
it was fed per os with a pipet. The vitamin A source was 
supplied daily. 
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diminished by feeding the vitamin->A-oontaining fat apart 
o^m the remainder of the diet (Experiments 1, 2, and 3, 
Table YI)« The extent of vitamin A inaotivation by heated 
cottonseed oil may have been lowered when the ood liver oil 
was fed apart from the rest of the ration (Experiment 4}, but 
a definite statement oannot be made sinoe the rats oeased to 
oonsume their daily allotment of ood liver oil as they be-
oame emaciated. The heated lards must have caused some 
inaotivation since the animals to which they were fed did 
not fare as well as those that received the corresponding 
unheated fats. The slow growth of the rats fed the heated 
lard in E^ qperiment 2, as compared with the growth of the 
animals fed the same heated fat in Experiment 1, may have 
been oaused by their marJcedly lower oonsumption of the food 
mixture and their incomplete oonsumption of the butterfat 
allotment. The total consumption of the food mixture by 
the rats fed the heated lard in Experiment 2 was 2866 g. 
as compared with a consumption of 3600 g. for the corres­
ponding animals in Experiment 1. It is also significant 
that most of the rats which died when fed the heated-fat 
diets (Table I) did not complete consumption of their first 
•kilogram of ration; the ration was Invariably ranoid and 
acrid. 
g. Fat solution fed separately. A study was made of 
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the action of heated fats apon vitamin A activity in the 
absence of the basal mixture, Kaoh fat under investigation 
was mixed with an equal weight of the vitamin-A-bearing 
oil after which the fat solutions were stored in a refriger­
ator (1*C.). The rats received the normal basal mixture 
and» in addition, were daily fed an amount of the fat solu­
tion equivalent to 20 per cent of the total food consumption. 
The results are given in Table YII. 
Heated lard destrqyed the vitamin A activity of butter-
fat even when the solution of the two fats was kept at 1*0* 
(Ejqieriment 1). The presence of the basal mixture was not 
necessary for the inactivation. However, in the presence 
of the basal mixture and at room temperature (24*-30*0«) the 
inactivation was far more rapid (Experiment B, Table I). 
Previously it was found that heated cottonseed oil inactivated 
cod liver oil when mixed with the latter fat and the basal 
mixture ('Experiment V/, Table I) • In Experiment 2, Table 
VII, heated cottonseed oil did not inactivate cod liver 
oil. Apparently in the absence of the basal mixture and 
at the lower temperature (l^ C.) this heated oil was not 
sufficiently powerful to destroy the vitamin A activity of 
cod liver oil. This result is somewhat different from that 
of Experiment 4, Table VI» wherein the cod liver oil was fed 
apart from the ration containing the heated cottonseed oil. 
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Table VII 
Effect of Heated Fats upon Vitamin A Activity 
in the Absence of the Basal Mixture 
Exper- Vitamin A 
iment source 
Pat ITnheated Heated? 
1 
2 
butterfat lard CL,L*)^  184(17)^  69(11-17)3 
cod liver oil cottonseed oil 197(12) 162(12) 
F^or tho meaning of these numbers see footnote to Table I, 
page 33* 
2 
L.L. - Laurel Leaf 
®A one-eighth inch layer of the fat was heated at 102*- 105®0. 
for 24 hours. 
h^is expression gives the average weight of five rats; the 
remaining rat died before the twelfth -week. 
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In this latter experiment the rats declined In weight and 
died. An explanation may be obtained from the fact that 
the rats did not eat the basal ration which had become 
rancid and acrid. So emaciated did these animals finally 
become that they also ceased to consume their daily supply 
of fresh cod liver oil. 
h. Toxicity and inactivatlon. Further experiments 
were conducted to evaluate the effect of heated fats when 
fed to rats and the action of such fats upon vitamin A 
activity. The animals received the normal basal mixture 
and additional constituents as designated in Table VIII, 
wherein the results are recorded. 
Rats fed the diets in which heated fats, such as cod 
liver oil, lard, or butterfat, offered the only supply of 
fat (Experiments 3, 10, and 13) did not succumb any sooner 
than those fed a diet free of fat and vitamin A (Experiments 
1 and 8). Rats receiving vitamln-A-free diets containing 
lard (Experiments 2 and ft) did not live much longer than 
rats fed the same vitamin-A-free diets containing corres­
ponding quantities of heated lard (Experiments 3 and 7). 
Amount of cod liver oil. A further study was made 
of the action of heated lard upon the vitamin A activity of 
cod liver oil. The concentration of cod liver oil in the 
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Table VIII 
4 Toxicity and Vltaialn«A~Deatroylng Power of Heated Fats. 
No« Additional Weight of Fat In Grama Restilta 
dextrin r. Unheated Heated 
1 0 0 0 52(2-5)3^  
z 0 100 lard 0 69(4-8)3 
3 0 0 100 lard® 53(4-5)3 
4 0 1^00 C.L.O. 0 217(12) 
5 0 1^00 C.L.O. 100 lard 167(12) 
6 0 200 lard 0 82(5-0)1 
7 0 0 200 lard 46(4-6)4 
e 100 0 0 63(4-7)3 
9 100 100 C.L.O? 0 219(19) 
10 100 0 100 C.L.O. 47(5-8)4 
11 0 100 O.L.O. 100 O.L.O. 96(19)® 
12 100 100 B.F. 0 201(12) 
13 100 0 100 B.F. 52(4-6)6 
14 0 100 B.F? 100 B.F. 73(6-13)6 
F^or the meaning of these numbere see footnote to Table I, 
page 33. 
F^ed per os In amounts equal to 10 per oent of food oonsumptlon. 
C^.L.O. - ood liver oil B.F. - butterfat 
one-eighth Inoh layer of the fat was heated at 102"-105"0. 
for 24 hours. 
5 
open kettle lard. 
T^hls expression gives average weight of five rats. 
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diet viras altered to determine the minimum amount of this 
oil which, v^ hen incorporated in a diet adequate except for 
vitamin A, would allow the rats to grow. Heated lard was 
substituted for the unheated lard at various cod liver oil 
concentrations to ascertain the effect of heated lard upon 
the vitamin A activity of cod liver oil. The ration fed 
the rats consisted of the normal basal mixture plus 100 g. 
of lard, and 100 g» of cod liver oil and dextrin. The amount 
of dextrin supplied in addition to that given in the normal 
basal mixture equalled the difference between 100 g. and 
the g. of cod liver oil employed. The data are recorded in 
Table IX. 
Cod liver oil, forming one per cent of the diet, sup­
plied sufficient vitamin A for a slow rate of growth, pro­
vided other fats in the diet had not been previously heated 
(Experiment 1). When the lard was replaced by an equal 
quantity of heated lard (10 per cent), the diet proved 
inadequate for growth and the animals died. When the con­
centration of cod liver oil in the heated-lard diet was 
increased, the diet became capable of supporting growth 
(Experiments 2, 3, 4, and S). The rats receiving one per 
cent cod liver oil in the unheated-lard diet grew better 
than the rats fed the heated-lard diets, irrespective of 
their cod liver oil concentrations. In the heated-lard diets 
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Table IX 
Effeot of Heated Lar^ ln Diets Containing Cod Liver Oil, 
Exper- Amoyit of C«L«0« Results  ^
Im^ t in diet 'tfnkeated Heated 
£raffls 
1 10 183(13)^  69(5-13)4 
2 25 212(12) 142(12) 
3 50 154(12} 
4 75 125(12) 
5 100 85(12) 
F^or the meaning of these numbers see footnote to Table I, 
page 33. 
one-eighth inoh layer of the lard vias heated at 102^ -105^ C. 
for 24 hours* 
open kettlo lard. 
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an inorease in the amount of ood liver oil beyond a certain 
oonoentration (five per cent) caused a decrease in the growth 
of the animals fed the diet* The rats receivins the heated-* 
lard diets containing 7.5 per cent and 10 per cent of cod 
liver oil (Bsqteriments 4 and 5} grew slower than the animals 
fed a similar diet containing only five per cent of ood 
liver oil (E3q>eriment 3)• Moreover, the growth of the rats 
fed the heated*lard diet with the highest oonoentration of 
ood liver oil (Experiment 5} was poorer than that of the 
animals fed the heated-lard diet containing 7.5 per cent 
of ood liver oil (Exp^ ^^ iment 4). 
J* V/ater in mixed ration* Anderegg (18, 46) and Marcus 
(19) discovered that water mixed into the diet protected cod 
liver oil against the destructive action of highly desiccated 
solids. Experiments were conducted to determine whether the 
presence of water in the diet would alter the destructive 
action of heated fats upon vitamin A activity. The diet 
fed the rats consisted of the normal hasal mixture plus 100 
g. of butterfat, 100 g. of open kettle lard, and 100 cc. of 
tap water. The results of these experiments are given in 
Table X and are compared with results of experiments in which 
the rats received the same diet except for the water* 
The presence of water in the ration causes little, if 
any, delay in the destructive action of heated lard upon the 
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vitamin A activity of butterfat; the rats fed the heated-
lard ration containing water died almost as soon as those 
fed a similar heated-lard ration containing no added water. 
Table X 
Effect of Water upon the Destructive Power of Heated Lard. 
Exper- Quantities of Lard and Water Resets » 
ii^ nt Unheated Heated*^  
1 100 6* lard® 330(14)^  69(5-10)2 
2 100 g. lard and 100 co« water 214(14) 71(6-14)5 
F^or the meaning of these numberp see footnote to Table I, 
page 
one-eighth inch layer of the lard was heated at 108«-105«C, 
for 24 hours. 
o^pen kettle lard. 
2* Anti-oxv«en8. 
a. Variety of fat and type of anti-oxygen. The anti-
oxygenic properties of a number of substances were studied 
with a variety of fats. The fats and the fat-anti-oxygen 
solutions (or mixtures) were hcfated and tested in feeding 
experiments. The ration fed the rats was composed of the 
normal basal mixture plus 100 g, of butterfat, and 100 g, 
of the fat or fat and anti-oxygen under examination. The 
results are given in Table XI wherein the effects of oxi­
dation are revealed by the growth response of the animals. 
Wheat germ oil in a SO per oent oonoentration was 
unable.to prevent the oxidation of lard when the lard solu­
tion of wheat germ oil was heated for 24 hours (Bsqperiment 
A, Table XI), but a 10 per oent conoentration of this anti-
oxygen prevented the oxidation when the heat treatment was 
limited to 12 hours (Table XII). The experiments reoorded 
in this latter table demonstrated that lard which had been 
heated for 12 hours Inactivated butterfat, but that the 
lard solution of wheat germ oil, heated for a similar 
period, failed to do so. Boiler (63) also found that wheat 
germ oil was not an infallible anti-oxygen for fats or food 
rations. Egg oil in a 20 per cent oonoentration effectively 
prevented the oxidation of lard by the heat treatment bulf 
failed to do so when employed in lower concentrations (Ex­
periment B, Table XI). Soya flour, fuller's earth, and egg 
yolk, in 10 per cent concentrations, were ineffective as -
auti-oxygens with lard (E^ eriments 0, D, and E, Table XI). 
Thymol proved strongly anti-oxygenic when employed with lard 
a 0.5 per cent concentration of this substance prevented 
the development of inactivating properties in the lard (E3^ -
periment F, Table Id). The protective action of thymol wi^ h 
lard was diminished by extending the heating time. The rats 
Table XI .V c „ . 
t ' ». 
Bffeot of Type and Conoentratlon of Anti-oxygen 
upon the Response of Various Fats to Heat. 
Anti-oxygen Pat 
1^5 T 
A. wheat germ lard (O.K.)^  276(25}^  
oil 
« 
B. egg oil lard (O.K.) 266(22) 
C. soya flour lard (L.L.) 214(11) 
D« fuller's . 
tTnheated 
I  5 ^  
earth lard (L.L.) 814(11) 
E. egg yolk lard (O.K.) 266(22) 
P. thymol lard (O.K.) 266(22) 219(12) 
0. thymol Uazola 269(18) 221(12) 
H. thymol Uazola 269(18) 156(6) 198(12) 
I. thymol soybean oil 132(5) 235(12) 225(15) 
10 s& 
237(15) 
216(11) 
. 0 56 
'69 (9-10) 2 
. "• * 
69(5-10)2 
S""' 
65i4-6}l 
55(4-6)1 
69(5-10)2 
69(5-10)2 
45lS-6)0 
49(2-6)0 
48(2-4)0 
?^or the meaning of these numbers see footnote to Table I, 
page 33* 
T^he percent of anti-oxygen present in the fat* 
®0.K» - open kettle L.L* - Laurel Leaf 
A^ one-eighth inoh layer of the fat or fat and anti-
oxygen was heated at 102°-105°G. for 24 hours* 

* 
Heated^  
. 0 % 0.025 % 0.1 f> OtS 55 5 ^  W S& 20 % 
6V{5-10)2 
1-
68(4-9)1 67(5-9)6 74(6-9)2 77(8-9)5 
69(5-10)2 86(8-9)3 107(4-10)2 136(11-15)2 227(22) 
S5i^ 6)l 71(4-7)3 
55(4-6)1 62(4-5)5 
69(5-10)2 65(4-10)5 
69(5-10)2 57(5-8)4 63(6-7)3 209(12) 224(12) 
4SiS-6)0 40(4-5)0 
49(2-6)0 51(4-5)2 42(5-7)4 
46(2-4)0 53(5-6)0 60(6-15)4. t 
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Table XII 
1 
Anti-oxygenlo Activity of Wheat Gem Oil. 
Bagger- Fat Number of hours heated^   ^
iment 0 hrs* 6 hrs* 12 hrs, 18 hrs* 24 hrs, t 
.1 lard 2^42(15) 210(15) 97(6-9)5 61(6-9)6 69(5-10)a 
2 ®lard solu­
tion of wheat 
gem oil 237(15) 251(15)223(15) 61(6-9)6 74(6-9)2 
F^or the meaning of the numbers see footnote to Table I, 
page 33* . 
Solution ooiiq;>08ed of 90 per cent of open kettle lard and 10 
per cent of wheat gem oil. 
one-eighth inoh layer of the lard or the lard solution of 
nheat germ oil was heated at 102*-105*G* 
The three groups of rats fed the lard heated for 6, 12, and 10 
hours received 90 g. of the lard instead of 100 g. and an addi­
tional 10 g. of dextrin. 
1 
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fed the one per cent lard solution of thymol that had been 
heated for 24 hours had an average weight of 224 g. at the 
end of the twelfth week, whereas rats receiving a similar 
solution that had been heated for one week averaged 156 g. 
in weight at the end of the twelfth week* Similarly the 
protective action of wheat germ oil with lard was diminished 
by extending the heating period* Whereas the rats fed the. 
10 per cent lard solution of wheat germ oil heated for 12 
hours weighed on the average 223 g. at the end of the fif­
teenth week, the animals receiving solutions of the same 
oanoentration which had been heated for 18 end 24 hours 
were dead by the ninth week (Table XXI)* Thymol was inef­
fective as an anti-oxygen with Uazola and with soybean oil 
(Experiments 0, and I, Table XI), since these oils, even 
when they contained five per cent of thymol, acquired the 
ability to destroy vitamin A upon being subjected to heat. 
b* Time of action. A study was made to determine 
whether thymol preserved the induction period of lard or 
acted after the termination of this period* A one per 
cent concentration of thymol was employed with open kettle 
lard* In one case the anti-oxygen was added to the lard 
prior to heating and in the other it was added to the fat 
following the treatment. The ration fed the animals was 
composed of the normal basal mixture plus 100 g* of butterfat 
and 100 g. of the lard-thymol solution* The results are 
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given in Table XIII and oompared with results obtained by 
feeding lard oontaining no thymol. 
\?hen thymol, in a one per oent oonoentration, was added 
prior to the heat treatment, it effectively prevented the 
inaotivation of butterfat by heated lard (Experiinents Z and 
3)« However, it was ineffective and only slightly delayed 
the inaotivation when added to the lard following the heat 
treatment (Bzperiments 3 and 4). It is thus apparent that 
this anti-oxygen acted by delaying the oxidation of the lard, 
protecting the induction period against the action of heat. 
It did not destroy the Inactivating properties of heated lard 
but prevented the development of such properties. 
Table XIII 
o 
Time of Anti-oxygenic Action Relative to Heat Treatment. 
Experiment Substance Tested Results 
1 ®lard-thymol solution 215(12)^  
2 heated lard-thymol solution 224(12) 
3 heated lard 69(5-10)2 
4 h^eated lard plus one per cent thymol 93(5-17)4 
F^or the meaning of these numbers see footnote to Table I, 
page 33. 
one-eighth inch layer of the fat or fat-thymol solution 
was heated at lOS^ lOSoc. for 24 hours. 
h^e lard-thymol solution consisted of 99 per cent of open 
kettle lard and one per oent of thymol. 
I^n this experiment the thymol was added after the heat 
treatment. 
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3. Finely divided solids* 
The reports of Marcus (19) and Anderegg (18,46) con­
cerning the destructive action of finely divided solids 
upon the vitamin A activity of cod liver oil suggested a 
similar study upon butterfat. Such a study was conducted 
to ascertain to what extent, if any, the destruction of 
vitamin A activity in heated-fat diets was brought about 
by ingredients other than the heated fats. Fuller's earth 
and Norit A, in 10 per cent concentrations, were added to 
butterfat prior to its incorporation in the ration. Both 
the butterfat containing Norit A and that containing 
fuller's earth, as well as an untreated sample of butter­
fat, were stored for specified periods in a refrigerator 
(1*0*)• The diet fed-the animals included (1) a basal 
mixture consisting of 550 g. dextrin, 200 g« of casein, 
100 g. of yeast, and 50 g. of salts, and (S) a specially 
prepared portion* The composition of this portion of the 
ration varied for the different groups; the details are 
given in Table XIV, wherein the data are recorded. 
Norit A and fuller's earth had a detrimental effect 
upon the vitamin A activity of butterfat when they were 
mixed with this fat, the mixture stored in the refrigerator, 
and finally stirred up with the basal mixture and fed. The 
rations containing the mixtures stored for eight months 
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Table XIV 
Effect of Finely Divided Solids upon the Vitamin 
Activity of Butterfat. 
Exper- Storage 
iment Months 
A o B C 
75 g, B.g? 75 g. B.F. 75 g. B>g. 
•» 25 g. 25 g> 
fuller's Norit A> 
earth 
D 
lOO"K; 
dextrin 
1 
2 
3 
0 
4 
8 
186(7)'^  
200(13) 
220(12) 
170(7) 
212(13) 
192(12) 
189(7) 
204(13) 
155(12) 
All but 
two were 
dead by 
the 
seventh 
week. 
F^or the meaning of the numbers see footnote to Table I, 
page 33, 
®B.r. - butterfat 
The mixtures of A, B» and C were stored at l^ C 
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prior to ase produced slower growth than those containing 
the mixtures stored for four months; this effect was more 
pronounced with Norit A than with fuller*s earth. Whereas 
the animals receiving 75 g. of hutterfat, which had been 
stored for eight months, possessed an average weight of 
280 g* at the end of the twelfth week, the rats receiving 
the butterfat-Norit A mixture and the butterfat->fuller*s 
earth mixtures, also stored for eight months, weighed on 
the average 192 g« and 155 g. respectively at the end of 
the twelfth week* 
4« Baking. 
A study was made of the effect of baking upon the 
vitamin A content of cookies containing various fats* In 
this study butter was eisployed to supply vitamin A* The 
ingredients of the cookies were: 276 g* of white flour, 
125 g* of sugar, 110 g* of fat, and sufficient water to 
roll* The baking was conducted at 191*C* for 11 minutes* 
The cookies were finely ground and incorporated in a ration 
consisting of 650 g* of ground cookies, 200 g* of casein, 
100 g. of yeast, and 50 g« of salts* The results ore 
recorded in Table ]C7* 
The results shown in Table XV indicate that baking 
did not destroy the vitamin A activity of butter in cookies; 
62 
this was txMie whether the oookies oontained butter as the 
only fat or butter and some other fat suoh as lard, Clix, 
or Crlsoo. 
Table X7 
Effect of Baking upon the Vitamin ^  Content 
of Butter in Cookies, 
Experiment Fat Content(grams) Results 
1 55 butter • 55 lard (L.L.)^  231(16)^  
2 65 butter • 55 Olix 228(16) 
3 110 butter 256(16) 
4 55 butter * 55 Crisoo 233(16) 
5 110 lard (L.L.) 64(5-6)2 
o^r the meaning of the numbers see footnote to Table 1, 
page 33. 
- Laurel leaf 
5« Quality of lard from soybean-fed hogs. 
A number of lards from hogs fed varying amounts of 
soybeans (69) were obtained from Dr. J. Beard of the 
Animal Busbandry Department. These fats were tested in 
feeding experiments. Sinoe Lea (51,52) reported that lard 
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from hogs fed ood liver oil was highly susceptible to oxi­
dation, it was decided to investigate the susceptibility 
to oxidation of lard from hogs fed soybeans. The <^ soybean" 
lards were fed to rats to determine whether the lards from 
the hogs fed the high soybean diets were more readily oxi­
dized in the ration than the lards from the hogs receiving 
diets containing few or no soybeans. The ration fed the 
rats consisted of the normal basal mixture plus 100 g. of 
butterfat, and 100 g. of lard. The data are recorded in 
Table XVI. 
Lard nunber 8 and the mixed rations containing this 
lard tended to organoleptic rancidity; whereas none of the 
other lards acted in this manner. The rats fed ration 
number 8 did not grow as rapidly as the others. Heated 
lards 6, 7, and 8 inactivated butterfat while the corres­
ponding unheated fats did not do so (Experiments 6, 7, and 8). 
6. Effect of storage on fats. 
a* Temperature and duration of storage. A study was 
made of the effect of temperature and duration of storage 
on lard. Open kettle lard was stored under the conditions 
described in Table XVII. Following this treatment the fat 
was placed in a refrigerator at the same temperature as that 
employed to store the control portion, vi®. 1®0. The ration 
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Table X7I 
Growth of Rata Fed Lards from Soybean-Fed Hogs. 
Exuor- Diet^ of Hofts Iodine Results 
iment N^umber Unheated Heated^  
1 No protein supplement 68.87 229(12)^  
2 Meat meal tankage 67.91 217(12) 
3 Oraoked soybeans 78.76 .220(12) 
4 Grain mixture A (5% oraoked 
soybeans) 72.98 216(12) 
5 Grain mixture B (10^  oraoked 
soybeans) 79.99 223(12) 
6 Grain mixture G (20^  oraoked 
soybeans) 85.25 205(12) 54(5-6)5 
7 Grain mixture D (10^  soybean 
oilmeal) 71.92 231(12) 63(4-6)3 
8 Grain mixture £ (9.9^  soybean 
oilmeal >1.3^  soybean oil) 79.17 195(12) 57(5-5)5 
9 Same as number 1 226(12) 
D^etails given in Animal Husbandry Leaflet No. 160 (69). 
A^ one-eighth inoh layer of the lard was heated at 108*-105<C« 
for 24 hours. 
dumber of g. of iodine absorbed by 100 g. of fat. 
Sor the meaninei of the numbers see footnote to Table I, page 
33. 
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Table X7II 
Effect of Temperature and Duration of Storage upon 
Bxparimant Storage treatment Results 
• Weeks Temperature 
1 4 1®C. 
2 1 25»C. 203(12)3 
3 2 25«C. 220(12) 
4 4 25<'0. 203(12) 
5 1 3900. 226(12) 
6 2 3g«G. 225(12) 
7 4 39«C. 201(12) 
o^pen kettle lard. < 
F^or the meaning of the numbers see footnote to Table I, 
page 33. 
A^verage weight of five rats (one oaught cold and died). 
fed the rats oonsisted of the normal basal mixture plus 
i 
100 g. of butterfat, and 100 g. of lard. The results are 
recorded in Table XVII. 
The lards stored for lengths of tine up to and in­
cluding one month at temperatures as high as 39*0. did not 
have a detrimental effect upon the vitamin A activity of 
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butterfat when they were mixed with this vitamin A souroe 
and the resulting solution incorporated in the ration, 
Anti-'oxygen oonoentration and duration of storage. 
A study was made of the preservative action of thymol on 
lard during storage at room temperature (24®-30*C,), Open 
kettle lard was melted and divided into a number of por­
tions into each of which a definite weight of thymol was 
dissolved by stirring. The concentrations of the solutions 
are given in Table XVIII wherein the results of the experi­
ments are recorded. The solutions were stored in closed 
glass containers, at room temperature. The ration fed the 
rats consisted of the normal basal mixture plus 100 g. 
of butterfat, and 100 g. of lard or lard-thymol solution. 
The nutritive value of the lard, evaluated by feeding 
the fat to rats in the described diet, was not diminished 
by storing it in closed glass containers at room tempera­
ture for 500 days; in fact the rats fed the lard stored at 
• room temperature (Experiment a) grew even faster than those 
fed the lard stored in the refrigerator (Experiment C). 
The melting and stirring process exployed to dissolve thymol 
in lard rendered the fat slightly more susceptible to oxi­
dation during subsequent storage, because the rats fed the 
lards containing 0.5 per oent, 0.1 per cent, and 0.025 per 
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Table XVIII 
Effect of Gonoentratlon of Thymol on its Preservative 
Action with lard. 
Exper­
iment 
 ^Thymo; 
in lard ^  
Number of 
days stored^  
Results 
A 0.000 525 217(12)' 
Bl 1.000 525 216(12) 
B2 0.500 529 199(12) 
B3 0.100 529 197(12) 
B4 . 0.0S5 529 170(12) 
C 0.000 529 204(12) 
o^pen kettle lard. 
T^he storage temperature was 24«-30«C. for the lards used 
in Experiments A and B; the lard employed in Experiment 0 
was kept at 1*0. 
f^or the meaning of the the numbers see footnote to Table 
I, page 33. 
cent of thymol (Experiments 831 B3, and B^ } did not grow 
as well as those receiving the lard stored with no thymol 
(Experiment a)* This latter fat had not been subjected to 
either melting or stirring prior to storage. One per cent 
thymol proved sufficient to protect the lard against the 
oxidation induced by the stirring and melting process; the 
rats fed this fat-thymol solution stored at room ten5>erature 
- 68 
(IxperiiiMiit Bi) grew as well us those fed the unaelted and 
imstlrzred lard stored at rooct teaperature viithout thynol 
{Sxperlxaent a ) *  
7# Aeratlon> 
Ixperimenta i^ ere oonduoted to ascertain the effect of 
aeration upon fats, as determined by the action of the 
aerated fats on.the vitamin A activity of a properly bolanoed 
diet. A steady stream of air, dried by being passed throuf^  
concentrated solfuric acid, was bubbled through the fat for 
24 hours,at room temperature. The ration fed the rats con­
sisted of the normal basal mixture plus 100 g. of butterfat, 
and 100 g. of the fat under investigation* The results are 
recorded in Table xix* 
Effect of Aerated Fats upon Vitamin Activity of Putterfat, 
Table XIX 
m  
Hazola 
Unaerated 
cod liver oil 
830(12)^  
195(12) 
231(12)^  
178(12) 
F^or the meonlng of the numbers sae footnote to Table X, 
page 33* 
A^verage weight of five rats* 
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Aerated Mazola and aerated ood liver oil failed to 
inactivate butterfat* Both the aerated and the unaerated 
fats responded negatively to the Ereis test* v/hereas the 
rats fed aerated Mazola grevi as well as those fed the 
unaerated oil, the growth of the animals receiving aerated 
cod liver oil was appreciably poorer than that of the 
animals fed the corresponding unaerated oil. 
8. Toxicity, 
a. Heated fats. A study was made of the toxicity of 
heated fats and the influence of thymol upon the response 
of fats to heat treatment in relation to toxicity. Fats 
with and without thymol were heated and after cooling to 
room temperature were injected intraperitoneally into rats. 
The results are recorded in Table XX. 
Heated fats (Mazola» soybean oil, cod liver oil, coco­
nut oil, lard, peanut oil,, butterfat, cottonseed oil, and 
olive oil) were definitely toxic and largely unabsorbed 
when injected intraperitoneally into rats (Experiments 1, 
4,6,8,10,11,12,13,14, and 15, Table XX). The animals in­
jected with the heated fats exhibited peritonitis but were 
otherwise normal upon macroscopic examination. Peanut oil 
that had become rancid at room temperature proved a trifle 
toxic; the toxicity was augmented by heating (Kxperiment 11), 
Table XX. 
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Table XX 
Effeot of. Heat?" upon the Toxloity of Fate with and without 
Thymol* 
Erper- Fat 
Iment thwnol Pnheated 
Results 
Heatef 
lOcc. lOcc. See. 600. 4oo. 200 
1 Mazola 0 0^  9 10 9 3 
2 Hazola 1 0 9 1 ' 
3 ' Uazola 5 10 6 
4 soybean oil- 0 0 7 2 4 
5 soybean oil 5 3 
6 cod liver oil 0 0 10 10 10 10 2 
7 ood liver oil 1 0 10 10 10 8 1 
6 lard (O.K.)® 0 0 9 10 8 3 
9 lard (O.K.) 1 2 4 ; 
10 coconut oil 0 0 10 
11 peanut oil 
(rancid) 
0 2 9 7 6 
12 butterfat 0 0 6 6 6 3 
13 cottonseed oil 0 0 10 10 5 
14 lard (L.L.)® 0 0 10 8 4 0 
IS olive oil 0 0 6 0 1 3 
one-eighth inoh layer of the fat or fat-thymol solution was 
heated at 102«-105*C. for 24 hours. 
f^usOier of animals that died in a week following the injection. 
®0.K. - open kettle L.L. - Laurel Leaf 
Q^uantity of fat injected. 
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Thymol Itself is toxio; aU the rats injected with 10 oo. 
of soybean oil containing five per cent of thymol died 
within 15 minutes. 
b* Heated esters. Eiqperiments were performed to 
determine the effect of heat upon methyl and ethyl oleates. 
The esters were heated and then injected intraperitoneally 
into rats to evaluate their toxicity. The results are 
recorded in Table XXI. 
Table JH 
Effect of Heal^  upon Toxicity of Esters. 
Ester _ Results 
TTnheateff Heated . 
10 00. 2 00. 1 CO. 0.4 CC7 
3 4 
methyl oleate 0- 9+ 7+ 0+ 
ethyl oleate 0 - 9 + 0 + 
one-eighth inch layer of the ester was heated at 102*-
105*0. for 24 hours. 
Q^uantity of the ester injeoted. 
dumber of animals that died in a week following the injection. 
h^e plus and minus signs refer to the reaction toward the 
Kreis test. 
The esters gave a negative Kreis test but reacted 
positively to this test following the heat treatment. 
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Whereas methyl and ethyl oleates vrere not toxic to rats, 
even when injected in amounts as high as 10 oo. per rat, 
they became very toxic upon being subjected to heat. 
Heated esters were far more toxic to rats (Table X3CI) 
than heated fats (E^ qperiments 1,4,6,8,10,12,13,14, and 15, 
Table XX). 
o. Stored fats. Experiments were performed to ascer­
tain the effeot of storage upon fats as determined by inject­
ing the stored fats into the peritoneal cavity of rats. 
Cod liver oil, Mazola* lard, and butterfat were stored in 
glass containers for 500 days at room temperature (24*-30*C.) 
and were then employed in injection experiments. The fats 
were tested for rancidity by the Kreis test. The results 
are recorded in Table XXII. 
Mazola and lard which had been stored at room tempera­
ture were definitely rancid (positive Kreis test) but were 
not toxic to rats when injected intraperitoneally* All of 
the fats reacted positively to the Kreis test following 
storage at room temperature (24"-30*0.) but.of the fats 
stored in the refrigerator (1*0.) only cod liver oil reacted 
positively to this test. Cod liver oil, stored either at 
room temperature (24*-30*0*) or at refrigerator temperature 
(l^ C.) was toxic to rats while none of the other fats (lard, 
butterfat, and Mazola), similarly stored, proved toxic to 
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Table mi 
Effeot of Storage upon Different Fats. 
Results 
Fat StoTOd at Stored at a4°-30'^ C. Stoirage 
1*0« -I days 
10 00« 10 00* 4 00. 2 00. 
ood liver oil ®10 + 479 
10 • 462 
8 • 550 
2 4 562 
Mazola 0 496 
0 • 514 
lard (Laurel 0 - 540 
leaf) 0 * 520 
butterfat 0 - a  494 
0 ** 495 
Q^uantity of fat injeoted* 
T^he number of rats that died in one week following the 
injeotion. 
T^he plus and minus signs refer to the reaotlon of the fats 
to the Kreis test. 
T^his fat gave only a very slightly positive Kreis test. 
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the anioals. 
d. Aerated fats* The two highly unsaturated fats, 
Mazola and cod liver oil, were subjected to other mild 
oxidative conditions to obtain further information concern­
ing the factors involved in determining the susceptibility 
of a fat to oxidation* A stream of air» dried by being 
passed through concentrated sulfuric acid, was bubbled 
through the fats at room temperature and then the oxidized 
fats were injected intraperitoneally into rats. The results 
are recorded in Table XXIII* 
Table mil 
Effect of Aeration upon the Toxicity of Fats* 
Fat  ^ Results 
-"-lO DC. of 10 00. of" 10 00* ot 
unaerat^  fat aerated fat aeraTed 
fat "" 84 hours one week 
Mazola ®0 - 0 - 0 
cod liver oil 0 - 2 - 6 + 
A^mount of fat injected* 
dumber of animals that died in one week following the in­
jection* 
T^he plus and minus signs which follow the nuiabers refer to 
the reaction of the fat to the Kreis test* 
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Dry air oxidized ood liver oil far more readily than 
it did Mazola. The latter oil aerated for one week did 
not turn ranoid (negative Kreis test) or become toxio while 
the former oil, when aerated for a week, became definitely 
ranoid (positive Kreis test) and toxic. These results sup­
plement the results of the previous set of experiments 
(table XXII); in both studies it was found that cod liver 
oil was more susceptible to oxidation than Uazola. 
9. Regeneration. 
Fuller*s earth. Since ?iero (16) had renovated 
ranoid coconut oil by agitation with clay, experiments were 
performed to determine whether heated Uazola could be re* 
generated by stirring with fuller's earth. Fuller's earth 
was added to a number of portions of Uazola in an amount 
equal to one-tenth of the weight of the fat. The mixtures 
were agitated by means of a motor stirrer, filtered, and 
the filtrates employed in the rations. The heated and 
unheated fats were treated similarly. The ration fed the 
rats consisted of the normal basal mixture plus 100 g. of 
butterfat, and 100 g. of the filtrate. The results are 
given in Table XXIT. 
Stirring heated Uazola with fuller's earth for 30 hours 
failed to regenerate it; the rats fed this fat exhibited 
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Table XXIV 
Bffeot of Stlirrlma; v>lth Waller*a Berth apon the Inactivating 
Power of Heated Mazola» 
Reaolts . 
Unheated Heated*^  
185(8)2 45(2-6)0 
171(8) 39(6-8)1 
160(6) 55(4-6)1 
one-eighth inch layer of the fat was heated at 102*-105*C, 
for 24 hours. 
F^or the meaning of the numbers, see footnote to Table I, 
page 33* 
vitamin A defioienoy. | 
The heated fat whioh had been atlrred for three hours 
was injected intraperitoneally into rata to detemine its 
toxicity. The results are given in Table XX7. 
Stirring heated Mazola with fuller's earth for three | 
hours failed to detoxify it; the rats injected with this | 
i 
fat died. I 
. . . , , • j 
b. Steam distillation. Roschen (21) restored the 
palatability of rancid lard by blowing steam through the 
fat thus removing the volatile products of oxidation that 
vjere responsible for the rancid odor and taste. 
Experiments were conducted to ascertain whether steam 
distillation vtould regenerate heated Mazola. The heated i 
Exper- Treatment 
iment 
1 untreated 
2 stirred for three hours 
3 stirred for 30 hours 
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Table XXV 
Effeot of Stirring; with Fuller*8 Earth upon the Toxlolty 
of Heated Mazola» 
Exper* Treatment Results . 
Iment Unheated Heated^  -
10 00* 10 00. 8 00« 6 00* 4 00? 
1 untreated ®0 9 10 9 3 
2 stirred for 
three hours 0 6 7 2 
one-eighth inoh layer of the fat was heated at 102^ 105*0. 
for 24 hours. 
Q^uantity of fat injected. 
dumber of animals that died in one week following the Injeo-
tlon. 
and unheated fats were steam distilled for two hours at lOO^ C. 
The fat was decanted from the remainder of the residue, fil­
tered, and the filtrate employed in feeding experiments. The 
ration fed the rats oonslsted of the normal basal mixture 
plus 100 g* of butterfat, and 100 g. of the filtrate. The 
results are recorded in Table 70C71* 
Steam distillation failed to regenerate heated 2<Iazola; 
the rats fed the ration oontainlng the steam distillation 
residue of the heated fat died of vitamin A deficiency. 
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Table xm 
Effect of Steam Distilling Heated Mazola« 
Experiment Treatment Results  ^
Unheated Heated 
1 not steam distilled 135(5)^  45(2-6)0 
2 steam distilled^  151(5) 40(3-5)0 
one-eighth Inoh layer of the Mazola was heated at 
102^ 105<>C. for 24 hours. 
o 
For the meaning of tho numbers see footnote to Table I» 
page 33. 
3 i  
Fat was steam,dietilled for two hours at 100*0. 
0. Semioarbazlde hydroohlorlde. Stephen (17) deran-
olfled fats by treating them with semioarbazlde hydroohlorlde 
and then filtering them. The filtrates reacted negatively 
to the Krels test. 
An attempt was made to apply this method to regenerate 
heated fats. Heated Mazola was mixed with one g. of semi­
oarbazlde hydroohlorlde and 0.4 g. of sodium stearate per 
100 g. of the fat and was agitated by means of a motor 
stirrer for 10 hours at 50*0. The fat was then filtered. 
The filtrate still reacted positively to the Krels test and 
proved toxic when Injeoted Intraperltoneally Into rats. A 
aao^ le of Mazola that had becoioe rancid at room temperature 
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also failed to respond to this treatment remaining ranold 
(positive Kreis test). This latter fat was not tozlo 
either before or after the treatment. The treatment was 
modified in a further attempt to regenerate the heated fat; 
Instead of stirring the reaction mixture at 50*0., the 
reaction temperature was Increased to that of boiling water. 
Heated Uazola and heated cod liver oll^  both before and after 
the modified semioarbazide hydrochloride treatment» were 
tested in feeding and injection experiments and by means 
of the Kreis test. The results are recorded in Table XK7II. 
Heated Mazola and heated cod liver oil reacted posi­
tively to the Kreis test but gave a negative test after 
being treated by the modified semioarbazide hydrochloride 
method. Whereas heated Eazola and heated cod liver oil 
were definitely toxic to rats, the former lost its toxicity 
upon being treated by semlcarbazide hydrochloride and the 
toxicity of the latter was markedly reduced during this 
treatment. However, this treatment did not destroy the 
vitamin-A-Inactivating power of either of the heated oils. 
10. Stomach tube. 
Heated Mazola and heated ethyl oleate, which had proved 
toxic to rats when injected intraperitoneally, were intro­
duced into rats by way of a stomach tube. The tube consisted 
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Table XXTO 
Effect of Semloarbazlde Hydroohloride on Heated Fata. 
|2&s£; 
Iment 
1 
2 
F^or the meaning of the numbers see footnote to Table I, 
page 33. 
I. Inaotivation 
Fat Results 
Untreate"^  Treated 
h^eated Uazola 39(2-5)2^  41(5-6)2 
heated ood liver oil 60(5-8)4 66(5-7)5 
II. Toxioity 
Sxper- Fat Results 
iment .UntreatedTreated 
1^0 00. 8 00. 10 00. 8 00. 
A heated Mazola 0^  10 0 0 
B heated ood liver oil 10 10 4 1 
T^he heated fats were treated (stirred) with one g. of semi-
oarbazide hydroohloride and 0.4 g. of sodium stearate per 
100 g. of fat for 10 hours at the temperature of boiling 
water and then filtered. 
A^ one-eighth inch layer of the fat was heated at 102*-105*0. 
for 24 hours. 
C^^ uantity of fat injected. 
dumber of rats that died in one week following the injection. 
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Of small-bore spagettl radio tubing. Hature rats weighing 
between 200 and 300 grams were employed. The rats were 
anesthetized with nembutal prior to Introducing the tubes. 
The number of deaths that ooourred in one week following 
the feeding was taken as a measure of toxicity* The rats 
were dissected and examined for gross abnormalities. 
V/hereas all the rats injected with 10 oc* of heated 
Mazola succumbed* only four rats died when the same amount 
of this heated oil was given by way of the stomach. A 
similar result was obtained with heated ethyl oleate; one 
CO. killed the rats upon intraperitoneal injection but 
two CO. failed to kill any of the animals when introduced 
by way of the stomach. The rats receiving heated Mazola 
or heated ethyl oleate via stomach tube invariably had a 
portion of their stomach wall discolored but were otherwise 
normal. The stomach content was of a normal consistency 
in the rats which lived but contained unabsorbed oil in 
the animals which died. The death of the four animals 
receiving the heated Ifezola by way of stomach tube was 
not brought about by tti^ B volume of the oil since rats 
given equal amounts of unheated llazola by the same process 
remained alive and were normal in all respects* 
11. Analyses* 
A study was made to determine the effect of heat and 
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storage apon the Iodine number« free fatty aold value, and 
peroxide value of fats. Wijs method was employed to deter­
mine the iodine number and the A.O.S. method (74) for the 
free fatty acid determination. The procedure used to deter­
mine peroxide value was the one utilized by King (73). The 
fata were stored in a refrigerator at 1*C. The results 
are given in Tables xmix, XXIX, TOCX, and xm. 
The free fatty aold value inoreased and the iodine 
value decreased upon increasing the duration of the heat 
treatment, the length of storage, or both (Tables XX7II1 
and XXIX). The peroxide value increased upon lengbhening 
the heat treatment until it reached a maximum and then it 
decreased, the rate of increase and the maximum value 
varying with the fat employed (Tables XXX and XXXI). The 
peroxide value increased or decreased upon storage depend­
ing upon its proximity to the maximum value prior to the 
storage (Table XXX). 
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Table J3TL11 
Sffeot of Heat and Storage on the Quantity of Free Fatty 
Aoids> 
Fat No« hours Free fatty aoids^  No* days 
heating ante post stored 
1. lard 0 0.28 0.55 88 
8 0.49 0.56 5S 
16 1.01 1.08 46 
24 3*58 3.63 55 
2. Lard (open kettle 0 0*33 0.32 85 
i/ilson) 
8 0.61 1.79 79 
16 1.84 3.09 85 
24 1.51 3.31 85 
3. Lard (laurel leaf 0 0*46 0.64 86 
Wilson) 
8 1*07 2.19 80 
16 1.82 2.50 85 
24 2«49 3.90 85 
4. Itozola 0 0.38 0.26 50 
8 0.41 0.70 50 
16 1.97 2.22 46 
24 2.44 3.25 46 
T^he free fatty aoids are expressed in per oent as oleio aoid. 
Ante -» values obtained before storage. 
Post « values obtained after storage. 
Fats were heated in a one-ei^ th layer at 102^ -105"C. 
The storage temperature nvas 1*0. 
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Table xnx 
Effeot of Heat and Storage upon the Iodine Hmnber of Fats. 
Fat 
1. Lard 
No. hours Iodine Number No. dava 
beatixut ante post stored 
0 61.5 61.5 96 
8 60.4 58.8 51 
16 57.3 54.2 51 
24 42.0 39.4 46 
2. Lard (open kettle 0 78.1 64.6 85 
Wilson) 
8 75.1 61.8 79 
16 70.4 54.5 85 
24 73.3 54.7 85 
3. Lard (Laurel Leaf 0 81.2 68.3 86 
V/ilson) 
8 79.1 63.3 80 
16 74.7 59.2 85 
24 73.0 51.7 85 
4. Mazola 0 127.1 124.5 50 
8 125.8 118.2 50 
16 95.7 98.3 46 
24 92.4 95.5 46 
Ante - values obtained before storage. 
Post - values obtained after storage. 
Iodine number is the number of g« of iodine absorbed by 
100 g. of fat. 
The storage•temperature was 1"C. 
Fats were heated in a one-eighth inoh layer at 102 ->105 C. 
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Table 2XX 
Sffeot of Heat and Storage upon the Peroxide Value of Fats. 
Fat 
1. Lard 
2. Lard (open kettle 
.fllson) 
3. Lard (Laurel Leaf 
Vi'ilson) 
4, Mazola 
No. hours 
hei^ tlnfi 
Peroxide 
ante 
value 
post 
No. davs 
stored 
0 3.3 5.0 88 
8 136.8 205.0 55 
16 249.0 198.0 51 
24 133.0 162.0 55 
0 1.7 4.4 85 
8 108.0 282.0 79 
16 292.0 290.0 85 
24 305.0 299.0 85 
0 4.5 5.8 86 
8 197.0 323.0 80 
16 313.0 250.0 85 
24 295.0 328.0 85 
0 0.7 5.8 50 
8 148.0 178.0 50 
16 156.0 310.0 46 
£4 152.0 280.0 46 
Ante - values obtained before heating. 
Post -values obtained after heating. 
Peroxide value given In mllll-equlvalents per kilogram of fat. 
Fats were heated In a one-eighth inch layer at 102^ -105^ 0. 
Storage temperature was 1*0. 
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Table xm 
Bffeot of Length of Heat Treatment upon the Peroxide Value 
of Fats, 
Bxp, Fat Peroxide value in milll«equivalent8 
per kilogram of fat 
control 8 hours 16 hours 24 hours 
A lard 3.S 136.8 249.0 133.0 
B Hazola 0.7 148.0 156.0 152.0 
C Crisoo 4.6 267.0 300.0 338.0 
D Lard (open kettle) 1.7 108.0 292.0 305.0 
E Lard (Laurel Leaf) 4,5 197.0 313.0 295.0 
F Lard (ojjien kettlv) 1.3 138.0 325.0 334.0 
G Lard (Laurel Leaf) 8.3 196.0 228.0 302.0 
Fats were heated in o one-eighth layer at 102*>105*C. 
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IV. DISCUSSION OF RSStJLTS 
All of the fats whloh, upon being heated, inaotlvate 
ood liver oil (Experiments L, S, and W» Table I) belong to 
either the semi-drying or drying types, i.e., their iodine 
values are above 100 and 130 respeotively; while the fats, 
in vrhloh heating does not produce the power to Inactivate 
cod liver oil (Experiments H, I, and T, Table I), belong to 
the non-drying type, i.e., oils with iodine values below 100. 
This classification of oils into drying, semi-drying, and 
non-drying types is the one employed by Bull (47). 
Since vitamin A is an unsaturated compound, it becomes 
Involved as aoon as oxidation begins in the associated fat. 
The results of the experiments recorded in Table I lead to 
a conclusion, nimilar to that expressed in the literature 
(25, 26, 43, 59, 60), that the susceptibility of an oil to 
oxidation depends, to a considerable extent, upon its degree 
of unsaturation. On the one hand it is found that fats with 
high iodine numbers, e.g., Mazola, cod liver oil, and cotton­
seed oil (Table B), respond to heat sufficiently to inacti­
vate the more resistant vitamin A activity of ood liver oil 
(Experiments L, S, and W, Table I), as well as that of 
butterfat (Experiments J, R, and V, Table 1); whereas, fats 
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whioh normally possess low iodine numbers, suoh as oooonut 
oil (Table B), upon being subjected to heat, are slow to 
destroy the less stable vitamin A aotivity of butterfat 
(Sxperiments M, 0, and F, Table I)• One sample of heated 
oooonut oil entirely failed to inactivate butterfat (Ex­
periment N, Table I)• Fats with intermediate iodine numbers, 
e.g., butterfat and lard, respond to the heat treatment 
sufficiently to inactivate butterfat (Sxperiments B, D, 
and U, Table I) but do not inactivate cod liver oil (Experi­
ments H, I, and T, Table I). Unsaturation does not tell 
the oomplete story because^  of the rats receiving the heated 
cod liver oil (a drying oil), although all grew subnormally, 
only one died end the others survived for 19 weeks (Experi­
ment S, Table I); while of the rats fed heated Itozola and 
heated cottonseed oil (semi-drying oils) some exhibited 
xerophthalmia and all died long before this period had 
elapsed (Sxperiments L and V/, Table I). The enormous varia­
tion in stability toward oxidation of natural oils and fats 
from different sources is partly, but not entirely, accounted 
for by the difference in the proportion and degree of un­
saturation of their constituent fatty aoids (52). Auto-
oxidation may depend upon the presence or absence of anti-
bxygens rather than owe its action to the unsaturated 
condition of the fatty acids (44). It is evident that the 
> 89 
ausoeptlbility of a fat to oxidation is in a large measure 
dependent upon its degree of unsaturation, the types of 
acids responsible for unsaturation» and the oonoentration 
of anti-oxygens in the fat. 
The work of Sporzynka (62) suggestsa feasible reason 
why the same heat treatment elicits different responses in 
different fats (Tables I, II» and V). According to this 
investigator^  fats which contain relatively large amounts 
of saturated acids (e*g*» lard, butterfst, and olive oil) 
form ketones upon decomposing, while those containing more 
of the unsaturated acids decompose to form aldehydes. In 
general, aldehydes readily undergo further oxidation while 
ketones do so only with difficulty. Aldehydes also have a 
strong tendency to polymerize. Sporzynka*s contention that 
fats containing more of the unsaturated acids form aide-
hydes is strengthened by the fact that less saturated fats, 
such as cod liver oil, Mazola, etc., have a tendency to 
become resinous and viscous upon being heated, this ten­
dency being a manifestation of polymerization. The path 
followed by these more unsaturated fats during decomposition 
thus suggests a reason for the ready susceptibility of 
these fats to further oxidation following the heat treatment* 
Since the more saturated fats decompose to form ketones, 
which are stable confounds, they do not readily oxidize 
after the heat treatment* 
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Inaotivation of buttorfat by heated Ifozola is slower 
at 1*C» (Experiment K, Table I) than at 24*-30®C. (Sxperi-
ment J, Table I); bat even at this lower teiiq>erature the 
vitamin A activity is finally destroyed. Peanut oil which 
has beoome rancid at room temperature destroys vitamin A 
activity (Experiment Z» Table 1), but the destruction is 
slower than that which the heated oil acccxstplisheB (E:ii>eri-
ment a» Table !)• The power of rancid peanut oil to destroy 
vitamin A  activity i s  augmented b y  heating (Experimen t  Z ,  
Table X). 
The results of this investigation substantiate a 
conclusion of an earlier study (7), that the quantity of 
peroxide in heated fats is not the only factor concerned in 
the destruction of vitamin A; the results also agree with 
the findings of Lease (8) that such destruction is not 
strictly proportional to the peroxide content of the fat. 
Of the fats heated for 24 hours, heated Mazola, possessing 
Q lower peroxide value than either heated open kettle or 
heated laurel leaf lard (Experloients B, D, and E, Table 
XXXI), inactivates cod liver oil (Experiment L, Table I) 
while the two heated lards do not (Experiments H and I, 
Table I). Open kettle lard, heated for eight hours (Experi­
ment B, Table II), destroys the vitamin A activity of butter-
fat, while cocaaercial lard, Uazola, and Oriaoo, heated for 
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the same period, do not Inaotlvate butterfat (£3q>erlments 
Ay C» and Ey Table II)• These latter heated fats contain 
more peroxides (Experiments A, B, and C, Table X3DCI) than 
the former (Saqperlment D, Table XXXC). The destructive 
action of heated fats upon vitamin A activity Is thus not 
proportional to the peroxide values of the fats. 
The literature contains a number of contradictory 
statements (1,7,8,15,21,22,25,45,52,56,58,31,84,85) regard­
ing the role played by peroxides In the rancidIfleatIon of 
fats and In the action of the fats upon vitamin A activity. 
Some investigators assert that peroxides are responsible 
for rancidlfication while others disclaim this. Certain 
articles adduoe evidenoe to shovir that rancidlfioatlon is 
directly proportional to the peroxide content of the fat 
and independent of the type of fat; on the other hand, data 
is available to demonstrate that such is not always the case. 
The results of this investigation point to the latter, con­
clusion, 'i^ hroughout the conflicting articles in the litera­
ture the consensus of opinion seems to be that the reactive 
peroxides produced during oxidation are much more potent 
as oxidizing agents than atmospheric oxygen itself and are 
capable of bringing about or accentuating other undesirable 
changes in the fat. A peroxide value, not high enough to 
cause concern as to the stability of the oil itself, may well 
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be suffiolent to cause a slight destruction of dissolved 
•itamin A. Certainly it is true that two fats with equal 
peroxide content but containing different concentrations 
of ^ ti-oxygens will oxidize at different rates; anti-
oxygens inhibit the action of peroxides. It is also apparent 
that fats of equal peroxide content but of different unaat-
uration (qualitatively and quantitatively) will rancidify 
at different rates; peroxides oxidize saturated fats and 
those containing stable fatty acids far less effectively 
than they do unsaturated fats and those containing unstable 
fatty acids. The claim that peroxides, rather than oxygen, 
are responsible for the oxidation of fats is misleading, 
because all the theories advanced to explain the oxidation 
of fats picture the* formation of peroxides as the first 
step in the decomposition and since oxygen is responsible 
for the formation of the peroxides, it must be the oxygen 
which is responsible for the oxidation of the fat. Although 
fats have been known to turn rancid in the absence of ox/-
gen, it has been shown that peroxides were already present 
at the beginning of such experiments. Heated stearic and 
palmitic acids and heated glycerol do not Inactivate butter-
fat (Experiments c, e,« and f, Table I) while heated oleic 
acid inactivates this fat (Expo^ i^ nt; d, Table I). Thus 
the saturated fatty acids, stearic and palmitic, and the 
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glycerol portion of a fat are not responsible for the inac­
tivating potency of heated fats but oleic acid is involved 
in the response of fats to heat treatment. 
The typical rancid condition of fats can be reproduced 
by atmospheric oxidation of oleic acid (23)• Heated oleic 
acid inactivates butterfat (S3Q>eriment d. Table I). Cer­
tain investigators (33» 67) claim that the substances 
responsible for the rancid odor and taste of oxidized fats 
ere degradation products of oleic acid and not of linoleic 
or linolenic acids. However^  there is evidence that unsat­
urated acids other than oleio acid, especially linoleic 
acid (59, 87) and linolenic acid (34, 44) take part in the 
oxidation of fats. In the presence of haemin as a catalyst, 
the relative rates of oxidation of oleic, linoleic, and 
linolenic acids are 1:18:100 (34). The contribution of 
linoleic and linolenic acids to rancldificatlon is probably 
an important factor in fats that contain considerable quan­
tities of those acids. Lard, a fat which contains more 
oleic acid than does either Uazola or cottonseed oil (Table 
0), produces less inactivatlon (EsQieriments H and I, Table I) 
upon being heated than either of these two less saturated 
fats (Experiments L and Y», Table I). However, these latter 
oils contain larger concentrations of linoleic acid than 
does the hog fat (Table C); no doubt this acopunts for their 
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greater response to the heat treatment. Thus* althoogh 
the results reoorded in Table I indicate that unsaturated 
fatty acids play the leading role in the oxidation of fats 
and the subsequent destruction of vitamin A activity by 
such fats, it is difficult from the data at hand to make 
a definite statement as to the relative importance of the 
individual fatty acids* 
The inactivating potency of rancid fats is lowered 
by heating them in an atmosphere of nitrogen (8), but the 
inactivating power of heated fats is not lowered by fur­
ther heating in air (Experiments H and 7, Table II) • 
Apparently the products responsible for the inactivating 
power of heated fats are stable to heat while those present 
in rancid fats are unstable to heat. It is also possible 
that the products responsible for the inactivating power 
of heated fats may be fully as unstable as those of rancid 
fats, but free access to oxygen allows more of these sub­
stances to form as some axe destroyed. Should the rate 
at which the substances are destroyed equal the rate at 
which they are formed the destructive power of the fat • 
would remain the same. The power of heated fats to destroy 
vitamin A activity increases with the length of the heat 
treatment and develops at different rates in different fats 
(Table II). Even though rats may remain alive upon heated-
fat diets, their slow growth as compared with that of animals 
fed corresponding unheated-fat diets indicates that vitamin 
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A aotivity is partially destroyed, or that heated fats 
are toxio, or both (:Experiments F and I, Table II). If, 
under the conditions of the experiment, the heated fat is 
suffioiently powerful to destroy completely vitamin A 
activity (S3q)eriments A, B, C, D, E, G, H, and J, Table II), 
further heating beyond that required for destruotion of 
the vitamin activity fails to increase the detrimental 
properties of the fat. However, if such destruction occurs 
slowly, as in Experiments F and I, Table II, it increases 
with further heating, reaching a certain limiting value, 
short of total destruction, which further heating fails 
to increase (Experiment I, Table II). It is possible that 
heated lard only destroys the unesterified vitamin in cod 
liver oil and fails to affect the vitamin activity present 
in the ester form. If this be the case, it may readily be 
understood why further heating of the lard, beyond that 
necessary to destroy the free vitamin A, does not increase 
its destructive power. 
The vitamin A aotivity of cod liver oil is far more 
resistant to destruction by heated fats then is that of 
butterfat (E:qperiments H, I, T, B, D, and TJ, Table I; 
Experiments B, F, I, and J, Table II). The vitamin A activity 
of the former is derived, to a large extent, from esters of 
the vitamin, fairly stable forms; that of the latter is de­
pendent upon the alcohol and the provitamin carotene, both 
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of which are easily destroyed by oxidation. The mode of 
combination in ood liver oil may cause the vitamin to be 
more resistant to heated fats. It is thus clear why 
heated fats inactivate butterfat more readily than they do 
cod liver oil. 
The results of the experiments, in which temperature 
was kept constant but the surface e:q>osed to oxygen was 
altered, indicate that the vitamin-A-inactivating power 
produced in fats by heat is not brought about by heat 
alone but by the combined action of heat and oxygen (Tables 
IV and V). However, oxygen can produce this property in a 
fat in the absence of heat (Experiment Z, Table I); thus 
heat acts mainly to accelerate the action of oxygen. In 
the development of oxidative rancidity a gas, oxygen, reacts 
with a liquid or a solid fat. Except at the surface, where 
the reaction can take place directly, oxidation must be pre­
ceded by solution of oxygen followed by convection or dif­
fusion into the interior. Thus the area of surface exposed 
per gram has a pronounced effect on the rate of oxidation 
of the sample as a whole (Table V). The greater the surface 
area per unit weight during the heat treatment, the greater 
is the oxidation produced by the treatment. 
Heated lard does not destroy the vitamin A activity of 
either butterfat or cod liver oil when the vltamln-A-bearlng 
oils are fed separately from the remainder of the diet 
- 97 -
(Ssperiments 1, 2, and 3, Table 71). In the case of 
heated oottonseed oil the rats ceased to oonsume the basal 
mixture which had become ranoid and acrid, and died (Ex-y 
periioent 4, Table YI). The death of the animals in this 
last experiment must be attributed to inanition rather than 
to -vitamin A destruction, siiioe the rats uid not consume 
their allotment of fresh ood liver* Heated cottonseed oil 
may be intimately mixed with ood liver oil, but if kept 
in the refrigerator so that it does not beoome too rancid, 
the rats consume the mixture and grow (E:q;>eriment 2, Table 
VII). It is possible that the inactivation of ood liver 
oil in Experiment V/, Table I, is brought about by the decozo-
position products of this liver oil and not by the heated 
oottonseed oil, since ood liver oil is not inactivated in 
Experiment 2, Table VII, %there, even though it is in con­
tact with heated cottonseed oil, it is protected against 
decomposition by low tenqperature and by the absence of the 
norxaal basal mixture. On the other hand the inactivation 
of butterfat by heated lard (Experiment B, Table I) is 
effective even v^ hen the fat solution is stored in the 
refrigerator, unoombined with the basal mixture (Experiment 
1, Table VII). The vitamin A activity of butterfat is so 
unstable that it is easily decomposed by the action of 
heated fat alone, while the vitamin A activity of ood liver 
oil is much more stable and requires that the ood liver oil 
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itself be deoomposed. The eater of vitamin A may hydrolyze 
when the oil deoomposes, liberating the alcohol whioh is 
fairly easily destroyed. The assun^ tlon that ood liver oil 
must be decomposed before it is inactivated may not be 
entirely valid, since the results can be explained as a 
temperature effect; perhaps the esterified vitamin At in 
ood liver oil, requires a higher temperature for its des­
truction than do the imesterified vitamin and the provitamin 
carotene found in butterfat. 
It may be seen from the experiments recorded in Table 
XX that, although destruction of the vitamin A activity of 
cod liver oil by heated fat is not necessarily brought about 
by the deooBq;)Osition products of the cod liver oil, it is 
usually accompanied by such decotiqpooltion. The decos^ osi-
tion products either inactivate the oil or prove toxic to 
the animals. Whichever of these tv/o actions is responsible, 
it is evident that the addition of ood liver oil to a 
heated-lurd diet, beyond a certain concentration, proves 
detrimental to the growth of rats receiving the diet. 
Before this degree of oonoentration is reached the addition 
of cod liver oil to the vitamln-A-deficient diet acdelerates 
the growth of the rats; evidently the additional vitamin A 
in the diet more than offsets the ill effects of the deoom-
position products. However, when this concentration is 
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reaohed, the diet obviously contains sufficient vitamin A 
for growth and is not improved by a further addition of the 
oil. Instead, the nutritional value of the diet decreases 
since more of the decomposition products are formed; the 
detrimental effect of the added oil more than neutralizes 
the beneficial effects of the added vitamin A. 
Heated fats are not appreciably toxic when fed to rats 
(Experiments 1, £, and 3, Table VX; Bxperiments 3, 10, and 
13, Table VIII). It can be seen from the experiments re­
corded in Table VI that rats live quite well when the 
vitamin-A-beuring oil is fed apart from the rest of the 
ration, signifying that when the vitamin activity is not 
destroyed, the rats suffer only slight ill effects from 
receiving heated fats. The poor growth of the rats in 
Experiment 4, Table VI, nay be attributed to Inanition 
rather than to any toxic properties of the heated fats, 
since the animals would not eat the intensely rancid heated-
fat diet. Animals upon heated-fat diets (Experiments 3, 10, 
and 13, Table VIII) succumb no sooner than animals upon 
corresponding vitamin-A-free and fat-free diets (Experi­
ments 1 and 8, Table VIII). This is further evidence that 
heated fat is not toxic when fed. Rats receiving oxidized 
fats grow at about the same rate but live longer then the 
fat-free controls and develop symptoms very similar to those 
of fat-deficiency disease (72); the essential fatty acids 
• 100 -
are presumably saturated during oxidation (54)* 
The incorporation of water in the diet delays the inao-
tivation of btttterfat by heated lard, bat eventually the 
vitamin A aotivity is destroyed and the rats die (Table X). 
Apparently the inaotivation of ood liver oil in a mixed 
ration (13, 19, 46) is a somewhat different process from 
the inaotivation of butterf&t by heated fats (Experiment 
1, Table X). The former is brought about by the presence 
of finely divided solids (18, 19, 46) while such solids 
fail to inactivate butterfat (Table XIV). Whereas the 
presence of water inhibits the destruotive action of finely 
divided solids on cod liver oil (16, 19, 46), it fails to 
affect the destruotive aotion of heated lard on butterfat 
(Experiment 2, Table X). The presence of water inhibits 
the cncidation of cod liver oil in the ration and since the 
oil is unoxidized the vitamin A aotivity is undestroyed. 
However, the heated lard is already oxidized when added 
to the diet and contains reactive peroxides which destroy 
the vitamin A activity of butterfat. It is indeed fortunate 
that the vitamin A activity of cod liver oil is present, for 
the most part, in the fairly stable form (ester) since the 
decomposition products of cod liver oil rapidly destroy the 
unesterified vitamin and its precursors present in butterfat 
(Experiment R, Table I), but affect the esterifled vitamin 
in ood liver oil much more slowly (Experiment S, Table I). 
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The results of the experiments recorded in Table XI 
indicate that although thymol is an excellent anti-oxygen 
vrith lard (Experimant F, Table XI), it does not possess 
anti-oxygenic properties with Mazola or soybean oil (Ex­
periments H, and I, Table XI). Gun guaiac acts similarly 
this substance is an efficient anti-oxygen for lard but is 
much less effective for more highly unsaturated fats, such 
as cottonseed oil (31). Certain substances which retard 
the oxidation of acrolein increase the rate of oxidation 
of vegetable oils (27). Experiments 0, R, and I, Table XI, 
demonstrate that thymol is not anti-oxygenic with Mazola 
or soybean oil, but do not indicate that this substance is 
at all pro-oxygenic with these oils* The theory of Moureu 
and Dufraisse (28) states that an auto-oxidative catalyst 
can act either as an anti-oxygen or as a pro-oxygen, depend­
ing upon the conditions. Thus, because the direction of 
catalysis depends upon the environment and not upon the 
i^ erent properties of the compound,.it is incorrect to 
classify substances either as anti-oxygens or pro^ oxygens. 
However, since these terms are commonly employed they will 
be used in this paper with a description of the experi­
mental conditions in each case. It must be understood 
however, that when a substance is termed an anti-oxygen 
or a pro-oxygen the classification holds only so long as 
the conditions described remain unaltered. 
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Aooording to 01oott*B olasslfloation (81) of anti-
oxygens, thymol, being phenolio, should protect vegetable 
oils saoh as Mazola and soybean oil bat it definitely fails 
to do so (Experiments 0, H, and I, Table XI), Apparently 
thymol belongs in type S along with hydroquinone instead 
of in type 3 with the other phenolic oonqaounds. The reason 
these tvto phenols behave unlike other phenols is not olear 
at present. 
Anti-ozygenio aotivity diminishes as oxidative con­
ditions are intensified. A 10 per cent lard solution of 
wheat germ oil resists 12 hours heating but the wheat 
germ oil fails to protect the lard if the treatment con­
tinues for 16 or 24 hours (Table XII)* Similarly, rats 
fed the one per cent lard solution of thymol that had been 
heated for 24 hours had an average weight of 224 g. at the 
end of the twelfth week; whereas rats receiving a similar 
solution that had been heated for one week averaged 156 g. 
in weight at the end of the same period. 
It may be discerned from Table XIII that the anti-
oxygenic action of thymol mainly operates to retard the 
oxidation of the lard, prolonging its induction period 
but not destroying the inactivating properties of the 
heated lard. If thymol is added after the termination of 
the induction period, i.e., after the heating, it has 
little or no effect upon the oxidation of lard, as evidenced 
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by feeding experiments. However tbe Inaotivation of butter-
fat by the heated lard is scxoewhat delayed by the thymol. 
This delay is no doubt brought about by prolonging the 
butterfet*8 induotion period; the oxidized lard strongly 
oatalyzes auto-ozidation and soon overoomes the inhibiting 
aotion of the thymol, resulting in the inaotivation of 
the butterfat* 
Baking does not destroy the vitamin A oontent of butter 
in oookies; nor does the presenoe of other fats in the 
oookies, in addition to butterfat, affect the results 
(Table X7)* Sinoe, in this study, the vitamin A oontent 
of the rations was oonsiderably above the subsistenoe 
level, it was impossible to disoern whether there ooourred 
a partial destruction of the vitamin such as Parsons (13) 
reported* Harrelson (7), employing a teohni^ ue similar 
to the one used in this investigation, obtained self-
oontradiotory results; therefore, it seems unnecessary to 
compare his work with the results of the present investi­
gation* 
Although the susceptibility of lard to oxidation when 
the fat is derived from hogs fed cod liver oil increases 
greatly even v/hen changes in iodine value are scarcely 
discernible (52), the iodine values of lard from soybean-
fed hogs may increase significantly and the fat be no more 
susceptible to oxidation (Table XVI)• Lard number 8 tended 
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to beoonte ranoid; its increased susceptibility to oxida­
tion oannot be attributed solely to onsatoration sinoe 
this lard, although rather unsaturated in comparison with 
the others, did not possess the highest iodine value. In 
spite of the faot that soybean oil and ood liver oil are 
of a similar degree of unsaturation, a change in the iodine 
value of lard brought about by feeding soybeans does not 
affect the susceptibility of the fat as much as a change 
brought about by feeding ood liver oil. Therefore the 
susceptibility of lard to oxidation depends upon other 
factors as well as unsaturation; it depends, to a consider­
able extent, upon the type of acids responsible for the 
unsaturation. The anti-oxygen concentration of the dietary 
fat nay also affect the susceptibility of the body fat to 
oxidation. The results obtained with the heated lards 
(Experiments 6, 7, and 8, Table XVI) do not shed any light 
on the matter of susceptibility, since the heat treatment 
proved sufficiently drastic to produce inactivating power 
in all of the three fats tested. 
The problem of feeding vitamin A to domestic animals 
involves not only the supply of the vitamin and its utili­
zation by the animal.but also the stability of this vitamin 
in the milk and body fat of the animal. This latter factor 
is of the utmost significance in the human diet since man 
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depends. In great measure, upon animal fats suoh as butterfat 
and egg yolk for his vitamin A supply. Not only must the 
animal's diet contain sufficient vitamin A so that it -nill 
be stored in animal fats, but the vitamin must be in suoh 
a form and accompanied by such substances that it will not 
be easily destroyed in the animal fat* It is significant 
that even in hogs, whose body fat is not used as a source 
of vitamin, this factor plays an icqportant part; the sus­
ceptibility of the lard to oxidation seriously affects the 
vitamin A content of diets containing this fat because 
oxidized lard destroys vitamin A activity (Experiments B, 
C, D, £, ?, and G, Table I; Experiments A, B, F, and 
Table II). Since the more highly unsaturated acids are 
preferentially hydrogenated, cod liver oil could possibly 
be partially hydrogenated before being fed to hogs, in 
order to produce a ifar more stable lard. To achieve the 
same result, the unsaponifiable fraction of cod liver oil 
could be fed to advantage, or a more concentrated source 
of the vitamin such as haliver oil could be used. 
Lard may be stored for a month at 39*0. without be­
coming sufficiently oxidized to inactivate butterfat 
(Experiment 7, Table ]C\riI) * Furthermore it may be stored 
at room temperature (24'-30^ C«) for 500 days and still not 
inactivate bdtterfat (Experiment A, Table XVIII). It is 
obvious that lard when kept under ordinary storage conditions 
will not develop the ability to inactivate butterfat such 
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as it does upon being heated in a thin layer at 102®-105®C, 
for 24 hours. The process of melting and stirring lard 
such as is ei!Q>loyed in dissolving thymol, renders the fat 
more susceptible to oxidation during storage. If this pro­
cess is employed to incorporate thymol in a one per cent 
concentration however, no detrimental effect is observed 
in consequence of the melting and stirring (Experiment 
Table XVIII); the animals receiving such a stored iard-
thymol solution grow as well as those fed the lard stored 
without thymol (Experiment A, Table XVIII). If lower concen­
trations of thymol (0.5 per cent, 0.1 per cent, or 0.0H5 per 
cent) are dissolved in the lord, the quality of the fat is 
distinctly lovfered duringr subsequent storage (Experiments 
Eg, B3, and Table XVIII); the rats fed these stored lard 
solutions do not grow as well as the animals receiving the 
lard stored without thymol (Uxperiment A, Table 2C\niI). Ap­
parently thymol in the lov/er concentrations does not compensate 
for the enhanced oxidation brought about by the dissolving 
process. It is thus manifest that, in storing lard at room 
temperature for periods up to 500 days, no advcgatapie is to be 
obtained, in so far ao effect upon vitamin A activity is con­
cerned by incorporating thymol in concentrations as high as 
one per cent. 
Although heated fats are not appreciably toxic when 
fed to rats (72) (Bxperiments 1, 2, and 3, Table VI; 
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Es^ ertments 1» 2, 5, 8, 10, and 13, Table VIII), they are 
definitely toxio when injected intraperitoneally (Experl-> 
fflents 1, 4, 6, 8, 10, 11, IS, 13, 14, and 15, Table XX)* 
The death of the injected animals may be the result of the 
absorption of certain toxio substanoes in the heated fats 
or such substanoes may be unabsorbed and yet be sufficiently 
irritating to injure the peritoneum and thus bring about 
death. The results obtained from the injection of the fat-
thymol solutions are inconclusive since thymol in the con­
centrations employed is somewhat toxic; two of the rats, 
injected v^ ith open kettle lard containing one per cent 
thymol died (Experiment 9, Table XX). All of the rats 
injected with 10 cc. of liazola containing five per cent 
of thymol were dead within IS minutes after the injection 
(Experiment 3, Table XX). Rancid peanut oil, which inac­
tivates vitamin A when fed (Experiment Z, Table I), is 
slightly toxic when injected intraperitoneally (Experiment 
11, Table XX); heating augments the inactivating power of 
rancid peanut oil and increases its toxicity. 
Heated methyl and ethyl oleates are toxic to rats upon 
intraperitoneal injection (Table XXI). The esters react 
positively to the Kreis test following the heat treatment. 
Heat produces greater toxic properties in esters (Table XXI) 
than it does in fats (Table XX). Since the unsaturated 
fatty acids are the compounds which are decoo^ osed during 
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heating. It is evident why heated esters of oleic acid ivould 
be more toxic than heated fats. The oleate radical comprises 
over 90 per oent of ethyl oleate and over 94 per oent of methyl 
oleate. Although triolein contains over 94 per cent of oleate 
radical, the triglycerides, even, of the more unsaturated oils 
such as corn oil and cod liver oil, contain sizable quantities 
of saturated fatty acids (Table 0) and consequently a much 
lower concentration of the oleate radical. Thus it is that 
fats contain lower concentrations of oleic acid than do methyl 
and eth:^  oleates; this no doubt accounts for their lower toxi­
city. 
Cod liver oil, judging from the gro^ vth response of the 
animals, is more susceptible to oxidation by aeration than is 
Mazola (Table XIX). The results shown by the rets fed the 
unaerated fats are particularly significant; the rats, receiv­
ing the diet in which Mazola, an oil almost devoid of vitamin 
A, accompanied the butterfat, grev/ far better than those whose 
diet contained cod liver oil, a very potent source of vitamin 
A, in addition to butterfat. Finely divided solids in the 
ration decompose cod liver oil (18, 19, 46) and evidently the 
decomposed cod liver oil catalyzes auto-oxidation in the butter­
fat, for the ration containing this oil produces poorer growth 
in rats than does the ration containing Mazola; thus the decom­
posing cod liver oil not only destroys all of its own vitamin A 
activity but also some of that found in butterfat. Aerated 
cod liver oil is an even more effective catalyst of oxidation 
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than the untreated oil* Weak oxidation such as thet pro> 
duoed by aeration (Table XIX and Table XXIII) is sufficient 
to affect the unstable acids found in cod liver oil but 
fails to oxidize the unsaturated aoids of Mazola. The former 
oil becomes toxic when aerated, while the latter does not 
(Table XXIII). 
Fats may be definitely rancid (positive Kreis test) 
and yet be non-toxic to rats (Table XXII). Cod liver oil, 
when stored at room temperature or even when stored in 
the refrigerator (1*0.) for 500 days, becomes rancid and 
toxic; lilazola similarly stored is not toxic and gives a 
positive Kreis test only after storage at roaa temperature. 
Butterfat and lard stored at room temperature also give a 
positive Kreis test and are non-toxic when injected intra-
peritoneally into rats. Sulfur dioxide rapidly and completely 
inactivates ood liver oil, but does not affect the vitamin 
A activity of alfalfa and only lessens that found in butter-
fat (36). It is evident that different fats respond dif­
ferently to the same chemical treatment. Thus in order to 
evaluate experiments properly, one must take into account 
the action of treated fats upon vitamin A activity, the 
toxicity of treated fats, and the response of different 
sources of the vitamin activity to the action of treated 
fats. 
Storage (Tables X7II and X7III) and aeration (Table 
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XIX) are far less effective in producing inactivating 
properties in fats than is heating (Tables I, 11, and 
VIII). Similarly heated fats are far more toxic (Table 
XX) than.stored fats (Table XXII) or aerated fats (Table 
XXIII)• Heat oxidizes Mazola (Experiment L, Table I) 
to a greater extent than it does cod liver oil (Experiment 
S, Table I). The reverse is true with the other tv/o 
treatments (storage and aeration); ood liver oil is far 
more readily oxidized during storage (Table XXII) or upon 
aeration (Tables XIX and XXIII) than is Mazola. 
It is difficult to e3g;>lain the difference in response 
of IJazola and cod liver oil to storage (Table XXII) and 
aeration (Tables XIX and XXCII), since these oils possess 
a similar degree of unsaturation (Table B). However, the 
types of acids responsible for the unsaturation differ in 
the two fats; oleic and linoleic acids are responsible 
for the unsaturation of Ifazola but cod liver oil contains, 
in addition to these acids, other highly unstable acids 
(Table C). Oorn oil is a potent source of inhibitols (52); 
cod liver oil is practically devoid of such substances. 
Thus, although the susceptibility of a fat to oxidation is 
somewhat dependent upon its degree of unsaturation, it is 
markedly affected by certain other properties of the fat 
such as the kind of acids responsible for the unsaturation 
and the presence of anti-oxygens. Cod liver oil decomposes 
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rapidly beoause the oonstituent aolds are unstable and the 
oil lacks antl-oxygens. Lard, although containing almost 
no Inhlbltols, Is less easily decomposed than cod liver oil 
beoause the constituent fatty acids are fairly stable (Table 
C), Kazola, although highly unsaturated (Table B), contains 
sufficient Inhlbltols to preserve It. Since the oxidative 
conditions In the heating experiments are sufficiently dras­
tic, they mask these differences; all four fats (lard, Mazola, 
butterfat, and cod liver oil), when heated. Inactivate butter-
fat (Experiments B, J, R, and U, Table I) and both heated 
Uazola and heated cod liver oil inactivate ood liver oil 
(Experiments L and S, Table I). This is no more than one 
might expect since, as soon as heat destroys the emtl-
oxygens, Kazola, being highly unsaturated, becomes suffi­
ciently oxidized to inactivate cod liver oil; but lard and 
butterfat when similarly heated fail to inactivate cod liver 
oil (£3Q>erlments I and T, Table I) beoause they are far more 
saturated than the corn oil. Thus, even though the heat 
treatment destroys the antl-oxygens in these fats, it does 
not oxidize them as much as it does Mazola* 
Stirring heated fat (Mazola) with fuller*s earth fails 
to regenerate (Table XXI7) or detoxify (Table X3CV) it* This 
is not unexpected since this method effectively renovates 
rancid coconut oil but not rancid lard (16)• It stands to 
reason then thut Mazola being far more unsaturated than lard 
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would be strongly oxidized by beat and thus fail to be 
regenerated by this treatment. 
Steam distillation at 100*C. also fails to regenerate 
heated Mazola (Table XTU) while it renovates rancid lard 
(21). According to Rosohen (SI) steam distillation at 100*C* 
restores the palatability of rancid lard but does not affeot 
the peroxide content of the fat, while steam distillation 
at SOO*C. restores the palatability and causes the peroxides 
to disappear as well. Since the peroxides are mainly res­
ponsible for the inactivation of butterfat, it is only 
reasonable that steam distillation of heated Mazola at 
100*C. would not destroy its inaotivating properties. 
The modified semicarbazide hydrochloride treatment em­
ployed in this investigation detoxifies heated Uazola and 
greatly reduces the toxicity of heated cod liver oil but 
does not destroy the ability of these heated fats to inac­
tivate butterfat (Table XXVII). Apparently the toxic sub­
stances in heated fats are not the same as those responsible 
for the power of the heated fats to inactivate butterfat. 
The toxic compounds must be either aldehydes or ketones, or 
both, since they are precipitated by semicarbazide hydro­
chloride. Heated cod liver oil contains substances other 
them aldehydes or ketones which are also toxic to rats| the 
modified semicarbazide hydrochloride method fails to com­
pletely detoxify this oil. Bell (11) and Agduhr (12) had 
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reported that ood liver oil was toxic to rats, the latter 
investigator attributing the toxicity to high-molecular-
weight alcohols; these alcohols would not be precipitated 
by semicarbazide hydrochloride. Whereas Uazola, following 
this treatment, may be allowed to remain in contact with 
the air at room temperature for two weeks without giving a 
positive Kreis test, ood liver oil reacts positively to this 
test following a similar storage. Apparently heated Hazola 
is fairly stable while heated cod liver is unstable; the • 
latter easily rancidifies again at room temperature following 
the semicarbazide hydrochloride treatment, but the former 
does not. Heated ood liver oil evidently contains unstable 
Intermediate compounds which, although they react negatively 
to the Kreis test, must readily give rise upon storage to 
epihydrin aldehyde, as the oil reacts positively to the 
test, following storage. The quantitatively different res­
ponse of heated llazola and heated cod liver oil to the 
modified semicarbazide hydrochloride method and the dif­
ference in the action of these two fats upon subsequent 
storage supplement the results obtained in the storage 
experiments (Table XXII) and in the aeration experiments 
(Tables XIX and XXIII). Although these fats are of a similar 
degree of unsaturation, they respond differently to oxidative 
measures. This may be the result of both the nature and 
concentration of the fatty acids and anti-oxygens which are 
- 114 -
present, since these have a great influence on the suscept­
ibility of a fat to oxidation. 
The quantity of free fatty acids in a fat increases 
with the duration of the heat treatment and storage (Table 
X3C7III), while the iodine number of a fat decreases as the 
heating and storage progress (Table XXIZ). This can be 
expected since heat as well as storage oxidizes and hydro-
lyzes the fat. The hydrolysis sets free the constituent 
fatty acids; the oxidation occurs at the double bonds, 
reducing the iodine number. The quantity of peroxides 
present in fats during oxidation reaches a maximum concen­
tration and then decreases (Table XXX); the peroxides are 
unstable and decoiapose upon further heating. A mathematical 
analysis of variance discloses that the difference in peroxide 
values before and after storage is significant. A similar 
analysis of the iodine numbers and the free fatty acids 
indicates that the difference in these values before and 
after storage is highly significant. The lower significance 
of the data for the peroxide values is brought about by the 
fact that upon oxidation the quantity of peroxides increases 
and then decreases. Thus if the peroxide value is near, at, 
or beyond the wax!mum value prior to storage, it will be 
lower after storage. However, if the peroxide value is 
still quite short of the maximum before storage, it will 
increase upon storage. Following the decrease in peroxide 
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value with oxidation to its logical conclusion, it is 
found that all the peroxides in a fat nay be destroyed 
by prolonged heating but the fat remains intensely rancid 
(58). 
The limitations of chemical analyses in evaluating 
degrees of rancidification have been extensively investiga­
ted and clearly set forth by Lea (52, page 119): 
since no one test measures exclusively that 
particular mixture of secondary products of oxi­
dation responsible for rancidity - itself not 
necessarily the same in all^ cases - it is obviously 
not possible to define limits for any test above 
vrhich all fats are rancid and below which all 
fats are 8weet« Neither can this be done, even 
for samples of the same fat, if they have been 
subjected to very different conditions of storage*** 
All these difficulties and others are encountered when 
chemical tests are employed In evaluating the relationship 
between oxidized fats end the vitamin A activity of rations 
in which they are incorporated, 
Viteualn A gives an absorption band in the ultra-violet 
at 328 mu. This band is not exhibited by carotene and, 
since the vitamin A activity of butterfat is largely depen­
dent upon carotene, the absorption spectra could not be 
employed in studying the effect of heated fats upon butter-
fat. Moreover vitamin A, upon oxidation, gives rise to an 
inactive substance with unselective absorption at 326 mu, 
so that, when oxidation has taken place^  the values indicated 
by the total absorption at 328 mu are in excess of the true 
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vitamin A content (56). Nevertheless attecqpts were made to 
utilize this physical method. It was found that heated fats 
absorbed heavily over a large region including 328 mu and 
this method of investigation was not pursued any further. 
Vitamin A is readily destroyed in fats during atmos­
pheric oxidation. The vitamin activity of a fat declines 
and the peroxide content rises as this type of oxidation 
progresses; the actual relationship between these values 
varies with temperature, access to oxygen, anti-oxygen con­
centration, form of vitamin activity, type of fat, and 
exposure to light. 
Oxidized fat, in addition to being inferior to the fresh 
material in palatability and nutritive value, is somewhat 
Injjurious to health and leads to digestive disturbances. 
Since vitamin A la stored in the liver aS an ester (37), 
it is not destroyed by the ingestion of rancid fats (35,50). 
Although the vitamin activity may be supplied in a labile 
form, it is stabilized in the body by esterlfication with 
the bile acids (37). Thus rancid fat may exert a destruc­
tive action upon vitamin A in the ration but has very little 
effect upon this vitamin in the body. V/hen rancid fats are 
fed apart from the vitamin source, the vitamin activity Is 
not destroyed and the detrimental effect is that brought 
about by the decon^ osition products in the heated fats; 
generally this effect is not very discernible since the 
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qaantity of heated fat ingested ia usually quite small. How-
ever» if heated fat in fairly sizable quantities is injected 
intraperitoneally into rats, it proves toxio to the animals. 
Fat is absorbed only after being split up in the intes*> 
tine by lipase. The fatty aoids then ootnbine with the paired 
bile aoids to form moleoular oomplexes, which are not only 
water-soluble emd diffusible but also espeoially stable at 
the slightly acid reaction of the intestine. 
The complex is broken down again in the mucosal cell. 
The fatty add, now in the cell, coabines with the glycerol, 
which is absorbed at the same tine, to re-synthesize neutral 
fat and passes through an intermediate stage of phosphatide 
formation (89). This synthesis produces the specific fats 
of the body and renders the fatty aoids non-toxic. 
The results given in the| section entitled "Stomach 
tube**, page 79, are difficult to explain unless the mucosal 
cells possess the ability to neutralize the toxic substances 
in the heated fat or ester. The toxicity of heated fat and 
heated ester, when injected, may be caused In pert by free 
acid since heated ethyl oleate reacts acid to litmus milk 
while the unheated ester does not. Thus when these heated 
materials are given by way of the mouth they are detoxified 
in the mucosal cells. 
However, since the heated fats are detoxified by means 
of the modified semlcarbazlde hydrochloride treatment (Table 
X2C7II), the largest portion of the toriclty must be attributed 
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to aldehydes and ketones* These substanoes are either de­
toxified in the cells of the digestive traot or are eliminated 
by iffay of the intestinal traot; this latter prooess was 
observed in the rats given heated Hazola by means of a stomaoh 
tube. Even though the heated fats and heated esters given 
by way of mouth are not toxio enough to kill the rats, they 
evidently injure the stomaoh wall sinoe it beooii»s discolored 
and abnormal in appearanoe. Animals injected with heated 
fat or heated ester are apparently unable to eliminate them 
or to neutralize the toxio oonqponents the substanoes contain, 
and consequently die. 
The vitaain A and oarotene contents of most foodstuffs 
are not decreased by being boiled in water, while appreciable 
losses occur when fats, oils, or milk are heated (55). Ob­
viously the fat oxidizes during the heating cuid destroys the 
vitamin A activity. Thus it is that in foxmulating healthy 
regimens, one must not only be cognizant of the vitamin A 
activity of the food and its form but also of the type and 
concentration of aocompanying substances, suoh as anti-oxygens 
end oils. If the food is stored at fairly high temperatures, 
prepared by lengthy cooking, or administered in conjunction 
with other materials, the presence of associated substanoes 
is of the utmost importance. On the other hand if the raw 
foodstuff is fed alone, following good storage conditions, 
the anti-oxygens and oils which are present play a less 
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slgnifioant role. Thus it Is often the ease that the oon-
oentratlon of the vitamin A activity is not of the most 
importance but rather the fraction thereof which the animal 
is able to utilize after storage, preparation, and adminis­
tration* 
Heated-fat diets are unpalatable and possess an un­
desirable odor which results in low food consumption by the 
rats fed these diets. The lack of growth in rata fed 
heated-fat rations may be the result of this low food con­
sumption. It is possible that heated fats do not destroy 
vitamin A activity and the rats lack vitamin A because 
they fail to consume the ration, ifhen vitamin A was fed 
separately, the heated fats, generally speaking, seemed to 
affect the growth and the general health of the rats less 
detrimentally than was the case in the experiments where 
the heated fats came intoi intimate and prolonged contact 
with the vitamin A. Therefore, while limited food consump­
tion may have been, and probably was, a limiting factor in 
the growth of these rats, the evidence seems also to point 
to a loss of vitamin A from the rations containing the heated 
fats* 
This idea is further supported by the periodic nature 
of the growth of the animals fed the heated-fat diets 
wherever the heated fat failed to entirely destroy the vitamin 
A activity, such as in Eaqperiments H, I, and T, Table I. 
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The periods of aooelerated growth invariably follow closely 
upon the renewal of the ration. While the records of food 
consumption in this investigation were not sufficiently 
detailed to show whether or not the accelerated growth was 
accompanied by an increased food consumption, it is clear 
that rations containing heated fat, unlike rations containing 
sweet fat, deteriorated with age; and the most plausible 
explanation of this fact would seem to be that the vitamin 
A of the ration was gradually destroyed by contact with 
the oxidized fat. 
It would be very advisable to conduct further inves­
tigations along this line. To further elucidate the 
problem one might profitably conduct experiments wherein 
the vitamin-A-bearing oils as well as solutions of the 
vitamin-A-containing oil and other fat would be introduced 
into the rats by way of a stomach tube. Thus the quantity 
of the vitamln-A-containing oil administered would be more 
rigidly controlled. Such experiments had been planned but 
oould not be conducted, as time did not permit. 
Since vitamin A activity of so-called vitamin A sources 
is dependent upon the presence, not only of the vitamin, but 
also of its precursors and the ester of the vitamin, it is 
obvious that wnimwi ejqteriments are the most logical and 
perhaps the only approach to the problem of the effect of 
treated fats on vitamin A potency. It is only in biological 
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tests that all of the various faotors involved, suoh as type 
and oonoentration of the individual fatty aoids» kind and 
oonoentration of the aooompanying anti-oxygens, temperature, 
mixing conditions, storage conditions, etc., are taken into 
account. 
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T&ble A 
Bffeot of Diet on the Body-fat of the Rat (Lea, 52) 
Food-fat Fat-oontent lodlne-valae Iodine-value 
of diet of food-fat of body-fat 
Soya-bean oil 37*2 132.2 122.5 
Maize-oil 37.2 124.3 114.2 
Cottonseed oil 37.2 108*1 107.4 
Araohis-oil 37*2 102.4 98.4 
Hydrogenated 
cottonseed oil 37.2 78.8 31.8 
Lord 37.2 63.2 71.7 
Batter-fat 37.2 35.8 55.5 
Cooonut oil 37.2 7.7 35.3 
Basal ration - - 59.1 
Cottonseed oil 3 108.5 62.7 
" " 6 108.5 75.9 
" " 9 108.5 80.5 
" " 12 108.5 94.2 
Hydrogenated 
cottonseed oil 3 71.0 63.3 
Hydrogenated 
cottonseed oil 6 71.0 68.5 
Hydrogenated 
cottonseed oil 9 71.0 75.0 
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Table B 
The Iodine Humbera of Fats Hodgman, "Handbook of Chemistry 
and Physios'', Chemical Rubber 
Publishing Co., Cleveland, 1937-38. 
Fat 
butterfat 
oooonut oil 
ood liver oil 
oorn oil 
cottonseed oil 
lard 
olive oil 
palm oil 
peanut oil 
soybean oil 
Crisoo 
egg oil 
whale oil 
Iodine Number 
26-28 
6-10 
137-166 
111-128 
103-111 
63-79 
79-88 
49-59 
88-98 
122-134 
69-81^  
90-146 
T^his value was obtained from Chaikoff and Robinson, J. 
Biol. Chem.. 100. 13 (1933). 
T^hls value was obtained from Elsdon, "Edible Oils and 
Fats", Benn, London (1926) p* 359 
-124-
Table C 
The Copponent Fatty Aolds of some Fats?" 
Fat Saturated Unsaturated fatty aolds 
fatty 
aolds 
Oleic 
% 
Linoleio Llnolenio 
% 
Palm-oil 46 44 10 -
Olive-oil 12 81 7 -
Wheat (germ) oil 15 30 44 11 
Maize (germ) oil 12 46 42 mm 
Cottonseed oil 24 30 46 -
Soya-bean oil 13 28 54 4 
Cooonut oil 91 7 2 -
Lard 40 49 11 mm 
Hat (body) 32 66 2 -
Whale oil 20 80 
2 
God liver oil 13 85 
2 
Halibut liver oil 22 78 
2 
h^e table was oompiled from figures given by Lea (52). 
2 These oils also oontain other unsaturated fatty aoids. 
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Y. SDMUART 
A stady was made of the effeot of heat, storage, 
aeration, and other treatments on fats in relation to 
their aotion on Titaxain A aotivity. Different fats 
were heated for varying lengths of time and at different 
depths and tested in feeding experiments, Butterfat, ood 
liver oil, and haliver oil were used as sources of the 
vitamin. The vitamin-A-bearing oil was mixed in the ration, 
fed separately, or fed in oonjonotion with the fat under 
investigation but apart from the basal mixture. The oon-
oentrations of the vitamin-A^ bearlng oils and the fats 
under investigation were altered and the quantitative rela­
tionship between the two fats with respeot to vitamin A 
inaotivation was investigated. The toxicity of the heated 
fats when ingested was also studied. ?at8 were autoolaved 
and then tested for their inactivating properties as well 
as for their response to heat. Yfater was incorporated into 
rations to determine whether it prevented the destructive 
action of heated fats. 
A number of substances were tested for anti-oxygenic 
properties with a variety of fats. Both the concentration 
of the anti-oxygen and the severity of the heat treatment 
were varied. The investigation entailed a study of the 
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nature of anti-oxygenio aotion, the reslstanoe of anti-
oxygens to inoreasing heat, and the time at whioh the 
protection operates in relation to the heat treatment. 
Es^ eriments -were performed to asoertain the aotion 
of finely divided solids, such as Norit A and fuller's 
earth, upon butterfat. The solids were interspersed in 
the melted fat, the mixtures stored in a refrigerator, 
mixed into rations, and tested in feeding experiments. 
A study was made of the effect of baking upon the 
•itamin A activity of butter in cookies containing various 
fats. 
Lards from hogs fed different concentrations of soybeans 
were given to rats to test the fata for susceptibility to 
oxidation in the mixed ration. 
?at8 were stored for varying lengths of time at dif­
ferent temperatures and then tested in feeding experiments 
for their inactivating properties. The preservative action 
of thymol on lard during storage at room temperature was 
studied. 
?ats were subjected to a steady stream of dry air and 
the aerated fats were examined for vitamin A inactivating 
properties in feeding esqperiments. 
Heated fats, heated esters, stored fats, and aerated 
fats as well as the corresponding untreated substances were in­
jected into the peritoneal cavity of rats to determine their toxic 
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properties. Heated Mazola and heated ethyl oleate were 
also introduoed into rats by means of stoioaoh tubes in a 
further attempt to ascertain their toxicity. 
Attempts titere oade to regenerate (i.e., destroy inac­
tivating properties and detoxify) heated fats by agitation 
-with fuller's earth, by steam distillation, and by treatment 
with semioarbazide hydrochloride. 
Various fats, heated for different lengths of time and 
stored for varying periods, were analyzed for iodine number, 
free fatty acid concentration, and peroxide value. 
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VI, CONCLUSIONS 
1. Most of the heated fats that were studied destroy 
the Titamitt A activity of butterfat; contact of the heated 
fat with the source of the vitamin is necessary to effect the 
destruction. All the semi-drying and drying oils tested, upon 
being heated, inactivate cod liver oil as well as butterfat; 
all of the non-drying oils investigated, upon being similarly 
heated, fail to inactivate cod livor oil but, with the excep­
tion of one heated coconut oil sample, inactivate butterfat. 
The vitamin A activity of cod livor oil is far more resistant 
to the destructive action of heated fats but is destroyed much 
more easily by finely divided solids than is the vitamin A 
activity of butterfat, 
2. The saturated fatty acids, stearic and palmitic, 
and the glycerol portion of a fat are not responsible for 
the inactivating potency of heated fats; the unsaturated 
fatty acids, e,g,, oleic, linoleic, linolenlo, etc,, are 
involved in the response of fats to heat. 
3. The destruction of vitamin A activity in heated-fat 
diets is apparently not brought about by the heated fat alone; 
the decomposition products of the vitamin-A-containing oil 
also participate. 
4. The response of fats to heat, i.e., the inactivating 
power of heated fats, increases v/ith the surface exposed to 
air and with the length of the heat treatment; the rate at 
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tyhioh the inaotivating ability develops varies with the fat 
employed. The vitamln^ A-'lnaotivatijig power of heated fats 
is not produced by heat alone but by the oombined action of 
heat and oxygen; heat acts mainly to accelerate the action 
of oxygen. 
5. Autoclaved lard, most of the stored fats, and aerated 
fats do not destroy vitamin A activity. 
6. Water incorporated in the ration does not protect 
vitamin A activity against the action of heated fats. 
7. Heated fats appear not to be toxic when ingested 
but are toxic when injected Ir.traperitoneally; unhoated fats 
are not toxic either when fed or injected. 
8. Anti-oxygens vary in their offioaoy with the fat 
employed} thymol is an excellent anti-oxygen with lard but 
does not possess anti-oxygenic properties with Mazola or 
soybean oil. Anti-oxygens preserve the induction period 
and are ineffective if added after the termination of this 
period. Their activity diminishes as oxidative conditions 
ore intensified. 
9. Baking does not destroy the vitamin A activity of 
butter in cookies; this is true whether the cookies contain 
butter as the only fat or butter and some other fat such as 
lard, 01ix, or Crisco. 
10* Soybeans in the diet of hogs, although they increase 
the iodine number of the hog fat, do not markedly increase the 
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susoeptibillty of the lard to oxidation. 
11. The susoeptibility of an oil to oxidation is depen­
dent upon the degree of imsaturation, the type of acid res­
ponsible for the unsaturation, and the kind and ooaoentration 
of anti-oxygens in the fat. 
12. Soioe aerated fats and socae stored fats are toxio 
when injected intraperitoneally; others are not. ?ats may 
give a positive Kreis test and yet be non-toxio when 
injected intraperitoneally. 
13. Although heated Ilazola and heated ethyl oleate 
are definitely toxic when injected intraperitoneally, they 
are only slightly injurious when introduood by way of stomach 
tube. 
14. Heated Mazola cannot be regenerated by agitation 
with fuller's earth or by steaia distillation. Semicarbazide 
hydrochloride detoxifies heated fats but fails to reduce 
their inactivating properties; the toxic substances are 
either aldehydes or ketones while tho substances responsible 
for inactivation are neither aldehydic nor ketonic. 
15. The free fatty acids in a fat increase and the 
iodine number of a fat decreases upon heating and/or storing. 
16. The peroxide value of a fat increases to a maxi­
mum and then decreases upon heating and/or storing. The 
Inactivating potency of heated fats io not strictly propor­
tional to their peroxide values. 
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